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Preface 


Much of the success of the green revolution lies in tlie planned systems 
approach that was followed in developing certain key crops. Yet hus- 
bandry of land animals in the developed world had already taken a simi- 
lar approach, including the development of automation. Chicken, for 
example, are a highly efhdent source of animal protein production. On 
a modern diicken farm, perhaps best called an industry, adequate fixed 
and variable inputs permit one man to produce 500 tons or more of meat 
per year. He obtains his chicks from a hatchery and only tends to feed- 
ing. watering, and cleaning devices. It is relevant here that part of the 
variable cost inputs, namely feed, is spent for fisli meal, tliat is, clieap 
aquatic animal protein. 

The__g uestionLliasJbeen asked if one could rear aquatic animals in _ 
a manne iLSUililat-to_these chicken production-line assem blies. This q ues- 
tion is pertinent, not onl y to obtain, for exam ple,~the fish meal protein 
^^e, but also because there a re large^areas, availabl e in the d eveloping" 
w qrid where water is or can be s upplied and where inten sive a qiiacuUure* ' 
might ^welLbe-practlced. Als o, it has been said that it may be cheaper, 
j)ound per-pound,-to grow.aquatic ratherJfluTn land animals for food^be-^. 
cause they are of same density as the medium in which they^liye and 
require only containefs'^fof'^their_water_rather_ than ^supporting and^ 
s helterin g stnicUires, such as stables and huts. Since man is a land dweller, 
it is logical that he applied scientific and engineering skills to land ani- 
mal production first and foremost, especially since he could, and still 
can, gatlier, rather tlian grow and lend, fish from the sea and inland 
waters. That process — traditional fisheries — ^rather than aquaculture has 


• Even though often called aquicullure— in consonance with agriculture — aquaculture 
is the et)TnologicaUy correct term. 
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recei\ed significant technological inputs so that tlic weight ol sea fiih 
harvested per man per )car in the well ntcclnni/cd ftshenes for cheap 
sources of fish meal the prc\iousI> mentioncti chicken feed is easily 
twice or more that attained on a mcchamred chicken farm 

Aside from the lack of attention to aquaculture so far tlicrc exist in it 
hiotcclinical and economic obstacles of pcctilnr dimensions to cfTiacncj 
upgrading water rather than air i$ the environment of the animals wc 
wish to rear m part this is tlic reason wU> animal hushandr) m water 
is far less developed than the corresponding branch of agriaiUurc on 
land For instance unused chicken feed and excreta— even at high dcmi 
ties — are easily disposed of at least in the space where the animals grow 
That poultry farms present off site pollution problems is another matter, 
but at least the air m the chicken house is not full of fcctl or droppings 
In contrast in the water unusetl fcctl as well as metabolic products sur 
round the animals befoul the mctliiim and imjiovc the need for con 
tinuous flushing winch requires either an overabundance of water or 
costly recycling schemes Furthermore >oting chickens — and calves and 
piglets after weaning— eat the same foo<t as ihcir parents not so most 
coldblooded aquatic animals Tlicir larvae undergo several transforma 
tions from haicfung to tlicir adult stages (eg six in the case of the 
shrimp) during which they neither resemble tlic parents nor consume the 
same food In the life cycle fish and invertehratcs alike recapitulate their 
evolutionary history in the water instead of warm hlootlctl animals m ovo 
OT in ulero Growing fish and invencbraies requires therefore attention 
to larval survival and larval fcciling and imposes constraints on success 
fully rearing them from the egg At the same lime the large number of 
eggs they produce affords certim advantages even for tlic selective rear 
mg of desirable strains 

Man has tried for millennia to overcome these obstacles and with some 
animals he has been very successful indeed others hold considerable 
promise In a feis cases helped by specially favorable conditio ns man 
lias been able to surpass the efficiency attainetl vsitb chicken _pro<hicinf 
mofe’than lOOQOO Jb of flesh per man jier year (eg mussels in the Bays 
of Galicia Spam ami sewage stream fattened carp in Indonesi^ In other 
cases though not growing as mudi bulk aquacultural entrepreneurs do 
a lucrative busings (eg shrimp in J apan under rather unique soao- 
economic conditions trout in Denmark and the Snake River Valley of, 
the United States and milkfish and Clunese carp in Southeast Asia) Even 
for them but espeaally considenng the world s ^ed for nutrition u is 
clearly worthwhile to apply more technological and engineering prin 
ciples to aquacultt^ than has been done in the past The result would 
then be substantial improvements in production efficiency at various 
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levels of intensity. One aim of this book is to provide a useful baseline 
for such endeavors by describing what is being done in aquaculture now 
in many parts of the world. 

The d ivisbn of the world into nutritionally and otherwise-ri ch coun - 
tries and poo r and needy ones is aj*eaUty, much as one.may^deplorejt, 
and aquaculture develops _u nder_som ewhat_clifferent ^premises Jn jeach 
"r^ion.ljvJfieltechnically advanced countriesjtjs strictly-a question of 
producing mostly^ luxury food commodities at competitive costs for a 
diversified, often protein-gluttedjood market (or products for high mone- 
tary return or recreation). In the developing world the predominant prob- 
lem I s on e^of producing additional animal proteins, which may be so 
scarce there that any meat, exc^sively "cheap, is a luxury "com- 

modity 'avallabironly’ToTl^ r elatively wealthy few. The corollary here 
IT that ■ especially”!!! developing nations herbivores or plankton filter 
feeders are most suitable for aquaculture, producing the most per surface 
or volume of water from the more-or-Iess natural amenities, such as solar 
energy, existing standing or flowing waters, and natural or man-enhanced 
fertility. 

The rearing of herbivores as well as carnivores modifies the natural 
ecology of land or water by passing through the system energy and ma- 
terials at a faster rate than that set there by natural evolution — faster than 
nature intended. This practice requires labor and installations and is 
likely to accelerate natural dysfunctions — waste accumulations and the 
like— which must be coped with througli teclinical, hence economic, 
inputs. Thus an aquacultural product is likely to cost more per pound 
than many if not most that can be gathered through fisheries from 
natural aquatic populations. Aquaculture will not replace fisheries. How- 
ever, it may, and in our opinion is likely to, supplement them increas- 
ingly as the natural production limit is reached in one after another of 
the large fishing areas of the world. True, there are presently unexploited 
fishing grounds in tlie Indian Ocean, the Indonesian Archipelago, Aus- 
tralian waters, and elsewhere tliat eventually could permit an expansion 
of traditional fishery products to perhaps double the present level In 
addition there are sudi unused resources as the Antarctic krill where 
exploitation may become technically and economically feasible. But these 
areas have natural limits beyond which their yields cannot be sustained. 

Seafaring, including the quest for fish, and the domestication of land 
plants and animals have enabled man to spread over the globe. We now 
wish to explore what species can be domesticated in the sea or in lakes 
and rivers, especially with the development of some technical mastery 
over the once alien, liquid portion of our biosphere. It is not surprising 
that aquaculture has advanced farther in fresh than in salt water and 
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that manculture is still in its infancy Thus the only truly domesticated 
aquatic animals are carp and trout rather than saltwater creatures 
Whether we wish to grow crab or mullet lobster or slinmp and 
whether the first consideration is to make money or to supply additional 
animal proteins in a country s diet we should have complete manipula 
tive mastery over the enure life cycle of the animal Provided that ecologi 
cal considerations and economic reasons prove (eg trout) or suggest 
(eg shrimp) that an animal can and should be reared the following 
should be considered (1) Control over reproductive biology of the species 
in question is necessary One should be able to produce offspring at 
will and at predetermined times Lacking this level of control one should 
at least be able to gather the young in sufiiaeni abundance (eg oysters) 
more than once a year espeaally in the tropics (2) Another set of nrob 
lems common _to_alL.aquacu!ture conce rns nutrition and diseases As 
“mentioned different larval stages require different foods and the exact 
nutritional requirements of but few species are known The rearing of 
animals m close proximity m the water leads easily to their infection 
with viruses bacteria fungi and multicellular parasites many of winch 
are only cursorily known As in human populations animals under 
crowding and stress even if they are fish are more likely to succumb to 
diseases than are calm svell nounshed ones be it because of poor nutri 
tion or for psychological reasons Tlius success in aquaculture requires 
an understanding of nutrition and diseases of a speaes and of their inter 
play with aspects of (he animals behavior (3) Economically sound tech 
nology — aquacuUural engineering — must be utilized Technology here 
ranges from the extremely simple such as the proper construction of 
ponds or of hand-operated sluice gales that mix fresh with salt water to 
the more complex such as sophisticated larval rearing schemes that em 
ploy pumps filters and ultraviolet sterilization of the water all more or 
less automated The book treats these three general areas of concern and 
iit^'olrei’nent in sequence Rearing praeticxs of snimsls are sevsn^d hj 
species according lo their occurrence in fresh brackish and salt water 
The book is an outgrowth of our longstanding interest in aquaculture 
with individual practical expenences tn cold temperate and tropical 
regions A report prepared by tsvo of us for the American Institute of 
Biological Sciences under contract wuh the Presidents Council on 
Marine Resources and Engineering Development sparked the idea in 
1968 Although that report may be considered as the nucleus of the 
present effort a very considerable amount of new information has been 
added Rfost of the new material and in fact virtually the entire book in 
Its present guise is eminently the product of the wnting talents and 
organizational abilities of the third author 
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Our purpose in the book is to give an overview of present, and to some 
extent past, practices of food aquaculture the world over, witliin our 
language and subject to the following constraints. We do not wish to 
speculate excessively about what might be done if certain incipient tech- 
nologies and scientific hunches were advanced and perfected. We can. of 
course, only report what is available in the literature and what workers 
in the field are willing to tell us. It must be understood that some aqua- 
culture operations are highly competitive, purely profit-oriented ventures 
and that even scientists in them consider some facets of what tliey do 
their secrets, whicli are not to be published or otherwise divulged. Their 
practices are often experimental, however, and as likely to be scrapped 
as they are to be operationally perfected; these then would not represent 
"the state of the art” and would hardly contribute to the conservative 
report that it is our intent to give. In addition one must note that many 
practices, especially in the developing countries, are not reported in 
print. Thus we may well liave missed some important items here and 
there. We can only add to our apology for this shortcoming that we were 
unable to prevent it. We have restricted ourselves to food species and to 
some mention of their foods, respectively. For reasons of space and 
unity we have omitted in our treatment ornamental or industrial living 
aquatic resources, such as pearls or aquarium fishes or marine colloids 
from red and brown algae. 

News stories of the last decade show substantial preoccupation with 
the oceans and their use and abuse; tlie growing of crops in the sea is 
prominent in the former category. Much has been said in this context, 
often in glowing terms, that on closer examination has made little eco- 
logical or economic sense. We hope this book provides a basis on whicli 
sucli speculations can be measured. We have compiled a welter of 
information from literatures of various countries that should be useful 
throughout the world, especially in regions where it is difficult to come 
by mucli comparative material. But we realize that in a field as fast 
growing as this one we cannot be as up to date as we would like to be. 
We offer this caution to our prospective readers who, we hope, can ac- 
quire through our book a "wet green thumb,” 

The information given in this book comes from many sources, the 
most valuable and timely of whicli are interv'iews and correspondence 
with individuals working in the various areas of spedalization. We 
acknowledge these contributions at the end of eacli diapter, bm we also 
wisli to express here our graceful appreciation for their generous assis- 
tance, as well as that of any others whose names we may have inadver- 
tently omiitetl. TJie drawings were prepared by Ilyse Rosenthal and Ann 
Hinds, to whose skill and patience we are indebted, and we wisli par- 
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General Principles and Economics 

Rangel of aguactiRural practices The genera/ economics of aquaculture 

Biological principles underlying the A prognosis for aquaculture 

practice of aquaculture 
Desirable cftorac/erti/jci in a cultured 
organiim References 

Husband rv-o£-aquatic organisms, thoug h a novelty to much of the world, 
has been _p .TacticecLtIitQugh- the _ages. Oyster culture, for instance, thrived 
AT Gsci'?. TA’W? ja? 

artificial propagation of fish; the legendary Chinese Croesus, Fan-Li, 
of the fifth century b.c., is said to have reared carps in ponds. Although 
the description of their arrangement is reminiscent of the legendary well- 
field system of ancient Chinese social organization, its authenticity is not 
established. It has been speculated that aquaculture may have even more 
remote roots in the highly organized ancient water-oriented civilizations of 
the Near East, in which fish were an important dietary component. 

No matter the antiquity of aquaculture, the contribution of the svorld’s 
v.'aters to man’s diet still stems largely from the hunting and gathering 
of fish and shellfish from untended stocks. There has been a spectacular 
increase in the production of world fisheries, but wild stocks of aquatic 
organisms arc limited, and ecological reasoning suggests that we must 
e\'cniu«illy reach a ceiling on the han'cst of wild aquatic organisms. Rec- 
ognition of these fads, coupled with the increasing efficiency of communi- 
cations and the establishment of international technical agencies, such 


I 
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as the Food and Agricultural Organization of the United Nations has 
led to a nearly worldwide interest m the last two decades in the potential 
of aquatic husbandry 

^either aquaculture nor any other method of food production will 
be a panacea for human nutritional problems but all can and must con 
tribute if the specter of hunger is to be banned Aquaculture • that is 
the growing of aquatic organisms under controlled conditions can mahe 
a unique contribution to nutrition m many parts of the world by virtue 
both of Its extremely high productivity m many situations and the fact 
that aquatic crops are primarily protein crops rather than sources of 
starchy staple foods In this regard Ji should be noted that certain aquatic 
organisms may be better converters of primary foods than ruminants 
fowl or even pigs Some such as filter feeding fishes and mollusks feed 
on mio’oscopic plankton which cannot be used directly by man) 

Whereas many existing aquaculture enterprises including some of the 
most successful rely on supplying high protein feed to produce a luxury 
product for human consumption aquaculture has the potential of pro- 
ducing large quantities of lower-cost protein nch food This has been 
done m parts of the Orient but elseivhcre applied scientific technological 
and managerial skills must be improved and substantial seed funds must 
be provided if aquaculture is to assume comparable importance 
Aquaculture is by no means restricted to food production Sport fisher 
men base for centuries relied on hatcheries to supplement wild stocks 
and will increasingly do so m the future as recreational needs among 
de^eloped nations grow m the face of much environmental degradation 
Bait organisms are cultured for both sport and commercial purposes 
Propagation of ornamental fish and plants constitutes an important m 
dustry in some areas Pearls are cultured m appropriate molluscan species 
and goldfish (Carosjiui aura(us) and other speaes are commeraally 
reared for use as laboratory animals We have however limited ourselves 
to those organisms which are raised for use as human food-f- which must 
be judged as the most important function of aquaculture at this point 
m history 

Aquaculture also contributes to human nutntton through the produc 
tion of unicellular algae for use in animal feeds Human and other animal 

• Even though the tenn aqu culture is often used — in consonance with agnculture — 
it must be stressed that aquaculture is ctjmologicatly correct 

I As the cicihods for growing certain fsh (eg salmon pay as ^ou go pond trout and 
catfish) are the same whether they be used for market or for sport the use of portions 
of the fsh crop the rearing of which we treat may not be primarily but only sec 
ondanly for food 
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waste IS sometimes used in this process in a manner that is ecologically 
sound and, under certain conditions, perhaps less costly than traditional 
sewage disposal methods Attempts have been and are being made to 
apply similar methods to the production of human food items Obstacles 
to large scale adoption of such methods are sociocultural as well as tech 
meal, in that people would have to learn to accept new and unusual foods 
We believe that practical aquaculture for such purposes is relatively far 
in the future, whereas production of species presently used for food, in 
some cases involving the use of oiganic wastes, is imminent and in some 
cases has been accomplished For this reason, for the sake of unity, and 
because the culture of fish shellfish, and multicellular plants comprises 
a vast subject in itself, we shall treat only organisms raised to be con 
sumed more or less directly by man 
We have attempted to bring together information on cultured organisms 
from all over the world The necessity for such a treatment is pointed up, 
for example, by the present simultaneous experimentation with mullet 
culture in Israel, Taiwan Hawaii, and Great Britain, the widespread 
adoption of hybrid tilapia and the worldwide practice of oyster culture 
It is hoped that this book will make some contribution to the coordination 
of such research and management practices and also help researchers to 
avoid costly and time consuming duplication In this regard, however, 
planned international and regional exchanges of information are at least 
equally important 

Following a discussion in this chapter, of general principles of aqua 
ccf?fcfre, incfatfmg brofogica^ and some a^nomre consicferatrons, 

IS organized by groups of organisms true freshwater fish, fish which can 
adapt to varying salinities, true marine fish, invertebrates (mostly manne) 
and plants An appendix treats some principles of construction and man 
agement of ponds 


RANGES or AdUACULTURAL PRACTICES 

Aquaculture is akin to terrestrial agriculture in that it cannot economi 
cally be earned out just anywhere A site for aquaculture must present 
certain natural amenities, particularly an ample supply of water of suit 
able temperature, salimt), and fertility It is also necessary that tlie cul 
lunst exercise control through ownership, lease, or other means of secure 
holding, this considentjon is problematical for manne and brackish 
water aquaculture m man) parts of the world, including much of the 
United States, where the traditional mcw is that the sea its shores, and 
Its resources are common property, available to all Where this attitude 
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prevails, aquaculture is efteciisel) thwarted Elsewhere, aquaculture m 
coastal waters is fostered by protceme grants or leases In Japan, where 
some ol the most adsanced and the greatest variety of aquacultural enter 
prises are earned out and are strongly encouraged by all levels of gov 
ernment, the prcfeciural governments (comparable to states or provinces 
elsewhere) designate the areas to be used for aquaculture, and the local 
fishermens cooperative associations, unique and highly effective or 
ganizations allocate subareas to individual aquacultunsis at no charge 
However the site is held, it must usually be mothfied to greater or 
lesser extent, the amount of lime and eflori expended on management 
vanes considerably In a general way, aquaculture practices may be char 
acterjzed by the relative intensity of human effort applied to them Such 
a treatment permits (he following arrangement according to increasing 
inputs of capital and labor, often with corresponding increases in yields 

1 Transplantation of organisms from poor to better growing grounds 
not considered aquaculture m this boolc, is sometimes classified as the 
least intensive form of aquaculture It is most prevalent in the Soviet 
Union, where by 1965 more than 50 speaes of fish had been acchmauzed 
in 1225 lakes, 80 nvers and nearly 100 reservoirs 

2 Transplantation often involves hatchery reared fish, and trans- 
planted stocks may be partially or totally dependent on hatcheries for 
their maintenance A well knowm recent example is the successful intro 
duetjon of the coho salmon (Oncorhynchus hsuich) to Lake Michigan 
Hatchery propagation has also often been employed to augment stocks 
of naturally occurring species This practice was particularly common m 
the United States and Canada dunng the late nineteenth and early 
twentieth centunes At that time, large numbers of fish fry and very 
early larvae of imerlebraies were released, almost invanably with no 
discernible benefit to the fishery in question More recently it has been 
shown in a number of instances that if young animals can be reared to 
a later stage before release they may ultimately contnbute significantly to 
fisheries 

3 Fish and invertebrates may be induced to enter special enclosures 
sphere they are trapped and held until ready for harvest This technique 
with virtually no further labor input, is used successfully to grow sbnrap 
and various euryhalme fishes in (he Malay Peninsula and the ^fedIte^ 
ranean area respectively 

4 The foregoing technique may be intensified by fertilization and/or 
the installation of devices to control the rate of exchange of water Such 
schemes axe widely applied in the culture of milkfish [Chanos chanos) 
and shnmp m southeast Asia 
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5. More complete control of stocking may be achieved through the 
use of artificial enclosures so constructed as not to permit entry of wild 
fish. Earthen ponds are the oldest and most common of such enclosures. 
In classical freshwater fish culture, as best exemplified by the polyculture 
of cyprinids in China, food for the fish is produced “naturally” by fer- 
tilizing the pond. It is to be noted that this level of aquaculture repre- 
sents the dividing line between what might still be called subsistence 
aquaculture, albeit with a high application of labor, and endeavors de- 
manding higher capital as well as intensive labor inputs. The maximum 
yields which can be achieved with labor-intensive subsistence aquaculture 
are around 5000 to 8000 kg/ha and occur in tropical and subtropical 
regions. 

6. Band-culture^ay^Jae further intensified by feeding the stock di- 
^rec^, jL-practi ce ivhich is usually essential in e^losures constructed of 

cemem.or wood, in the increasinglyp^ular fitting net cages, or wher- 
cver carnivorous animals, are raised. Examples of such iiigh-intensity 
methods in practke inclu^ catfish ^farming 'in the soinTicrn United 
States, trout farming in the United States and Europe, and the culture 
pr co mmon carp (Cypnnus catpto), eels (AtiguiUa jnponica), yellowtail 
.(Seriofg q um'qUer adiatd), kiiruma s hrimp (Penaeus jc^onictis), and other 
‘ anima lsinJ^am 

7. Another culture method that merits special treatment is raft culture 
of sessile invertebrates and macroscopic algae. Although the source of 
Slock may be natural production (hatcheries also play a role, notably in 
oyster culture in the United States) and food is not artificially provided, 
the construction and management of the growing facilities usually in- 
volve considerable labor and expense, so that raft culture must be con- 
sidered an intensive form of aquaculture. Probably the highest yields 
ever attained tltrough aquaculture have involved the use of rafts; for 
example, 300.000 kg/lia of mussels {Mytilus eduUs) have been raised in 
the Galician bays of Spain. 

Yields obtained by this method, or through culture in floating cages, 
depend, however, on a miicli larger area or volume of water than the one 
in which the installations are found; they depend also on adequate tidal 
or current exchanges whereby food is carried to and/or wastes are re- 
moved from ilic sessile (oysters or mussels) or enclosed (c.g., yellowtail) 
animals. 

'Vith ilic preceding categories in mind, the reader may judge the aj>- 
proximate intensity, in terms of labor and other costs, of any aquaculture 
enterprise. Unfortunately, however, ilicrc is much more information 
available on yields per unit of water surface or volume than on the 
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fixed and vanable costs of produang these yjclds The selective tabula 
tion of Table 1 should be perused with this caution in mind 

BIOLOGICAL PRINCIPLES UNDERLYING 
THE PRACTICE OF AQUACULTURE 

Aquatic animals possess a number of advantages for use in husbandry 
Since the body densit) of fish and swimming crustaceans is nearly the 
same as that of the water they inhabit, they arc spared the chore of sup- 
porting their weight, and thus may devote more food energy to growth 
than terrestrial animals In addition, fish and invertebrates, being cold 
blooded animals, expend no energy on thermoregulation (Tuna and 
other fast swimmers are an exception here) This properly would further 
enhance their potential growth rate, which is far more plastic than that 
of higher vertebrates Russian sour<» aver that accumulation of flesh 
m the body of carp, per unit of assimilated food, is one and one half times 
as rapid as m swine or cbic(:ens and twice as rapid as in cattle or sheep 
Repetition of these measurements would be of practical as well as theo- 
retical interest 

Sessile shellfish achieve economies of energy by replaang the active 
search for food with a highly effiaent method of filter feeding The 
rate of filtration vanes, but it may amount to 450 liters/day m large, 
healthy, favorably situated oj-sters 

Nor should it be overlooked that a body of water is a three-dimensional 
growing space Many of the highest aquaculture yields have been achieved 
through polyculture of fish inhabiting different strata of the water column 
or by hanging stnngs of mollusks from floating structures, both methods 
which make use of the entire water column Strictly speaking, such 
methods are not unique to aquaculture Three-dimensional or multistory 
gardening incorporating trees, bushes, and low-growing plants has been 
developed, but to date aquaculture is alone in widespread commeraal 
application of three-dimensional growing systems 

The pnnapaj disadvantages of the aquatic medium for production 
of human food have to do with the general properties of liquids and the 
speafic property of water as the universal solvent These two character 
istics render physical and chemical contamination of bodies of water 
much more difficult to prevent or control than is the case for expanses of 
land We need not ate speafic instances of water pollution which have 
been detnmental or lethal to aquatic organisms or their consumers 

Of course some ‘ pollutants,” most notably human and animal metabo- 
lites, may be turned to the cultonst s advantage, a number of instances 
of use of sewage or animal wastes as feiubzers are described in the texu 
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However, the application of organic wastes should be under the strict 
control of the culturist if consistent results are to be achieved. The same 
applies to heat; most of the large energy-generating stations, which are 
becoming increasingly prevalent, use water as a coolant. The result is 
often accurately termed “thermal pollution” but may, under carefully 
controlled conditions, be a boon to the aquaculturist. 

Other pollutants, such as pesticides, heavy metal compounds, and 
polychlorinated biphenyls, are in no way beneficial to aquatic organisms. 
Yet they are present in ever-increasing concentrations in many waters. 
They present a particularly severe problem in heavily populated or in- 
dustrialized areas or where large amounts of chemicals are employed in 
terrestrial agriculture. From such areas, they may be widely disseminated 
by water currents. Thus the aquaculturist or fisherman who relies on the 
sea, a laige lake, or a river as a source of water or fish is often confronted 
with dangerous pollutants which are neither of his making nor subject 
to his control. While the majority of current researdi and development 
efforts in fisheries and aquaculture are directed at marine and brackish 
water resources, we feel that expansion of freshwater aquaculture should 
be at least equally encouraged. With proper management and intelligent 
site selection, freshwater culturists may largely avoid the pollution prob- 
lem. 


DESIRABLE CHARACTERISTICS IN A CULTURED ORGANISM 

Since aquaculture developed during times ■when water pollution was not 
a serious problem, resistance to pollutants was not a consideration in 
species selection. Today it might reasonably be added to the following 
list of desirable attributes. Even with pollution resistance off the list, 
these properties limit choice greatly and explain why, among the 25,000 
or so species of fisli and the many thousand invertebrates, only a very few 
have tlius far been successfully empIo)ed in intensive and commercially 
feasible aquaculture. In addition to such obvious factors as size, avail- 
ability, and nulrilive or gustatory s'aluc, the follotving biological attri- 
butes should be taken into account in considering any aquatic organism 
for culture: 

I. Reproductive habits. Although it is highly desirable that man be 
capable of breeding the species in question In captivity, it is not strictly 
necessary. For example, the imporianl milkfish and mullet industries of 
southeast Asi.a .arc sold) dependent on natural reproduction to maintain 
their stocks, as arc most shellfish ailturc enterprises. In such cases, the 
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reproducine habits of the culture speaes lead to the asailability of ade 
quate numbers of )oung Vihere they may be captured for stocking 
Culture s^'siems based on capture of ssild stock are, of course, ulit 
mately limited b) the success of the natural population in reproducing 
Itself In some cases for instance mullet, milkfish, and shrimp culture in 
the Philippines and Taivsan cultunsts now experience limitations in 
the harvest of fry Further expansion of the industry would be made pos- 
sible by the deselopraent of means of breeding the animals in captivity 
Success in such an endeavor would also do much to stabilize the fry 
market and would permit the genetic selection of stocks, as has been done 
forsirtually every important terrestrial food organism 
Many ingenious methods have been devised toward the end of con 
trolled reproduction of aquatic animals, but the most far reaching ad 
vance was the development in Brazil in 1D34 of the process of 
hypophysation of fish, which appears to have near universal applicability 
In hypophysation, female, and occasionally male breeders are injected 
with suspensions or extracuons of pituitary gland material The treat 
ment raises the conceniraiion of the sex honnones m the bloodstream of 
the reapient and faalitates maturation and slieddtng of the sex products 
In addition to permitting the controlled breeding of hitheno onspawTied 
speaes hypophysation permits the cuJtunst to cxerose some control 
over the time of spawsung 

2 Requirements of the eggs and larvae. The hardier the eggs and 
larvae, the easier the cultumi's task. In general, ii may be stated that am 
tnals which produce fewer and larger eggs have larger, and therefore 
less dehcate larvae. Such animals, which include most of the intensively 
cultured speaes, usually make some provision to protect their eggs (e.g, 
trout bury their eggs, tilapia hatch them in their moutfis, shrimp carry 
them on the body), but the cuhunst may often successfully apply artiBaul 
means of prevenung predation or damage 

In contrast, many marine fish and most aquatic invertebrates produi^ 
small eggs which hatch into tiny, dehcate larvae Such speaes depend for 
their survival not on hardiness but on sheer reproductive capaaty With 
many of these animals, particularly the invertebrates, the situation is 
further oimphcated by the faa that the larvae may go through many de 
selopmental stages, each with its owti distinct environmental and nutn 
tional requirements, before assuming the adult form Thus it is not 
surprising that culture of most of this second group of animals has sue 
ceeded only on a laboratory scale, if at all 

3 Feeding habits 'Hiere are two general .approaches to feedin g cul 
tuied aquauc ammals One is to laise animals which aie-low on theJoqd 
chaim'supply them with a low-cost fe^ if any, a nd ai m to produce_a 



GENERAL TRINCIPLES AND ECONOMICS U 


protein_product that can be sold in quantity at a low price or co nsumed 
at the subsistence level. The second is to select aT^cies high-on~the-food-^ 
chainTwhichJtself requires aln^i-protein diet.,Food-for-such-an-animaJ 
“wiirordinarily be relatively expensive, thus the culturist’s product .wjl^ 
be a^high-pricM “luxury” food. Both approaches have often bwn_success-’ 
TuI; the point is tliaFin order to^Hermlne whether he can economically 
grow a_ patticular species. the_culturist^must know its feeding habits and 
nutritionalj:equirements and the cost of satisfying them. 

Usually fertilization of the water, rather than direct feeding, is em^ 
ployed in rearing the first group of animals. Though fertilization of fish 
ponds is an ancient practice in the Orient, knowledge of the effects of 
fertilizers in aquatic systems lags decades behind what is known for ter- 
restrial communities. As is the case on land, fertilization of waters is as 
much a matter of art as science, and in the Orient, where pond fertiliza- 
tion is most extensively and successfully employed, local variation of dos- 
age and application is great. 

Linked with the process of fertilization is the concept of polyculture 
— the growing together of different species or age groups. Almost all 
fertile bodies of water produce a variety of food organisms; for the most 
efficient utilization of these organisms it is essential that a variety of 
species be present to crop them. The more completely the culturist can 
fill the available feeding niclies, the greater the total weight of flesh he 
can produce. 

Since the culturist who chooses the second approach — direct feeding 
ol an animal high on the food chain — usually supplies only one or two 
feeds, he is more likely to restrict himself to monoculture. However, any 
body of water produces a certain amount of natural food, and where 
carnivorous fish are cultured, this supply may be enhanced by the fer- 
tilizing effect of excess food and the metabolites of the stock. Thus the 
culturist again has the opportunity to increase total fish production 
through intelligent polyculture. 

c arnivorous species is sometimes abl e to reduce cost s 
wb)L-ta3dDg_adyantage-of inexpensive sources of food. For examp le, one 
of the re asons for Denmark’s preeminence in comm^aal trout cultufels^ 
the ready_avallability of trashjish.at Danish Jhhing ports. Another smt 
jjf economy-mayjae achieved by the use of pelleted feeds, \^icfi"ara much 
^ore easily handled than many jmprocess^Jeeds , An increasing number " 
^livesmcic feed concerns, particularly in the United States, are adding 
_such .fish-feeds to their catalogs. ' 

A word of caution is in order regarding feeding: The fish culture lit- 
erature contains more than a few reports of conversion efficiencies of 1:1 
or only slightly more. Sucli reports, which appear to defy tlie second law 
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of thennodynamics, are based on the dry svcjghl of food and wei sleight of 
fish The best verified conversion cffiaenaes are on the order of 3 to 4 1, 
■which IS comparable to or slightly better than the best results obtained 
on land, where intensive feeding of animals is a much older process 
Caution is also in order in interpreting the reported yields of filter 
feeding mollusks Although it is true that higher yields may be obtained 
by culture of herbivores than carnivores and that the highest yields ever 
recorded for aquaculture have been achieved by grovvers of essentially 
herbivorous shellfish, it should be borne m mind that these yields depend 
not on local production of food organisms but on the action of tides and 
currents in transporting food organisms groivn in a far wider area than 
that inhabited by the shellfish Production figures from a few sirategicallj 
located rafts cannot be extrapolated, on an areal basis, to an entire coastal 
or estuanne region 

4 Adaptability to crowding It is obvious that the more individuals of 
a given sue that can be confined in a given space, the greater the potential 
production of that space Crowding however, aeates a host of problems, 
many of them unique to the aquatic environment Growth of some 
speaes of fish has been shown to depend on population density, )ec this 
most certainly is not true of the common carp Far too little is knoivTi 
of the behavioral adaptations of fish to crowding For example when 
channel catfish {Iclalurus punctatui) which are normally lemtonal in 
the vvild are kept m ponds at very high population densities their ter 
ntonal behavior breaks down but their appetites do not suffer Other 
temtonal speaes for example, some of the centrarchids, do not appear 
capable of this adaptation 

Concentration of waste products in standing water maeases directly 
with population density, but this problem and the associated problem of 
oxygen, depletion may be largely compensated for by increasing the ex 
change rate of water, raceways and net cages may be stocked at densities 
unthinkable in pond culture Even such speaes as the rainbow trout 
(Salmo gatrdnert). which has quite a high oxygen requirement, have thus 
been grown at extremely high densities 
Another concomitant of high population density is the faalitation of 
transmission of disease This problem is not usually alleviated by rapid 
arculation of the water but calb for speafic preventive or curative mea 
sures The oldest disease control method is the fallowing of ponds, with 
or without lime treatment More recently, chemical treatments have been 
developed for a number of diseases, and antibiotics are often incorporated 
m fish diets as a prophylactic measure, though this practice is of doubtful 
advisability Present emphasis with many speaes is on the selective breed 
jng of disease resistant stock. 
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Yet another crowding effect sometimes observed is cannibalism, particu- 
larly in the early life stages. This problem may be alleviated to some ex- 
tent by provision of ample amounts of food and shelter, but with some 
animals, notably pikes, pike-perches, and lobsters, it is impossible to stock 
them above a certain density. 


THE GENERAL ECONOMICS OF AQUACULTURE 

r 

The success of aquatic farming ventures depends largely on the market- 
ability of the product and the wise and efficient use of certain natural 
factors which render a particular site suitable for a particular form of 
aquacultur^For instance, the success of trout farming in southern Idaho 
hinges on the presence of an abundant supply of water at an optimal 
temperature for growth of salmonid fishes, and tlie fanning of sessile mol- 
lusks originated, and remains concentrated, in areas where the seas are 
fertile and tidal exchange considerable. It is, of course, often possible to 
modify extensively natural environments or provide artificial habitats, 
but it is obviously most conducive to profitable operation to make maxi- 
mum use of naturally favorable conditions. 

It is often debated whether precedence should be given in aquaculture 
to development and improvement of programs designed to improve sub- 
sistence diets, or whether a more conventional, profit-oriented course 
should be pursued. In the latter case, it is often hoped that persons other 
than entrepreneurs and consumers will benefit initially through increased 
employment opportunities, and that eventually mass production will 
permit the price of the crop to drop until it is within the reach of all. It 
seems obvious, at least from a global vantage point, that high priority 
should be accorded to programs which show some promise of contributing 
to the alleviation of protein deficiencies. To discuss the relative efficiency 
in achieving this end of the two approaches just described would lead us 
into a discussion of economic development and far away from the subject 
of aquaculture. Certainly both approaches have been and will be ex- 
plored, regardless of our opinions, so we will confine ourselves to analyz- 
ing the economics of a few selected aquaculturnl ventures. 

It must be remembered that the term “luxury food’’ is relative and is 
defined within the context of a particular national or regional economy. 
( Further, reliable information on the economics of aquaculture is scarce 
and difficult to obtain, both because of the understandable reluctance of 
many successful operators to reveal their economic secrets and because the 
situation, particularly in areas like the United Slates, where aquaculture 
is relatively new, is in a state of fluxA 
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If our examples are dra%vTi more from commercial enterprises chan from 
subsistence aquaculture, it is only because the latter is even harder lo 
analyze than the former Not only arc subsistence operations more diffuse 
and accurate data more scarce, but no one has yet ventured to quantify 
in dollars and cents the difference between a healthy, well nourished and 
a sick, malnourished child 

Probably no form of aquaculture has been subjected to more inten 
sive economic analysis than the young catfish culture industry in the 
United States (Table 2) It seems solidly entrenched as part of the ‘agri 
business complex, but it is obvious that many of ilie early expectations 
of large and easy profits were extremely unrealistic. It is said that, at 
present, less than 10% of the American catfish farmers are making a 
profit, yet individual operators have realized returns on investment as 
high as 55% 

^le crucial factor, as in most agncuUura! enterprises, is the degree of 
teclinical and managerial skill possessed by the operator In fact, ac 
cording to a publication of the United States Bureau of Commercial 
Iishenes Pish farming generally requires a higher level of management 
than conventional agriculture m the sense that the technology as yet hes 
mainly in the realm of art rather than saence ' In catfish farming the re 
quired skills find expression in the ability of the best cultunsts to grow 
large fingerlings to produce larger fish in a growing season than their 
competitors, to buy or oroduce cheap feed and to harvest the fish more 
cheaply and effiaenilyj 

(it 18 also inieresiing to look at the pnee sensitivity of the catfish m 
dustry In the last few years, (he pnee of catfish has dropped considerably 
and, as might be predicted from Table 3 and Fig 1, the percentage of 
operators realizing a profit has declined Interestingly, most of the sue 
cessful growers have been those who have emphasized a single product, 
usually live or fresh, dressed fish and have restricted themselves to local 
or regional markets Attempts to diversify with packaged or prepared 
products and/or to seek a national market often have preceded economic 
failure^ This information may not have wide applicability since catfish 
has historically been only regionally popular in the United States 

Looking into the future, it appears likely that the remaining catfish 
growers will continue to improve their yields for a few years at least 
The net result may be a further thinning of the ranks until the field is 
restricted to a few large producers or emphasis may revert to small, low 
profit operations serving local markets It is conceivable that with further 
application of cage and raceway culture, improvement of feeding meih 
ods and so on the evolution of American catfish culture could parallel 
that of chicken farming — from a luxury food industry to a staple food 
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-183 
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MEVr (%) 

28 
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growng season enjoyed by cuUurists in the latter locations. Further 
southward shifts would take the industry out of the United States. Al- 
ready a farm in Honduras is capable of shipping frozen, dressed channel 
catfish to New Orleans at a price lower than that asked by Louisiana 
gr^ers. 

Ave have earlier asserted that animals which are low on the food chain 
inay be produced more clieaply than carnivores) In making this claim, 
we assumed that other factors were equal. This, unfortunately, is seldom 
the case and we cannot offer comparative analyses of the culture of a 
carnivore and an herbivore within the same economy. A comparison of 
the American catfish industry with another fairly well analyzed aqua- 
culture industry — milkfish culture in the Philippines — will, however, 
serve to illustrate the relative importance of biological, technical, and 
local economic factors. 

Annual yields of good catfish and milkfish farms are roughly the same, 
as are annual profits to capital (Table 4). But the reasons for this simi- 
larity are quite different in the two cases. 

Milkfish do not require extraneous feeding but subsist on a natural 
community of algae and associated microinvertebrates known locally as 
“lab-lab." However, to obtain maximum production of this food and 
hence the best yield of milkfish, the ponds must be fertilized at a cost 
which, relative to gross income, closely approaches that of feed in the 
best-managed catfish farms. 

(a major cost in Philippine milkfish fanning, as in other forms of 
coastal aquaculture in southeast Asia, is that involved in the construction 
of ponds, often from virgin mangrove swamps. The large capital invest- 
ment required for pond construction and related costs relative to the 
general level of economy of the Philippines and the high interest rate 
on loans for such purposes prevents the industry from enjoying much 
higher profits that would otherwise be indicated by yields and opera- 
tional costs. Government-sponsored long-term, low-interest loans for pond 
construction could conceivably lower the price of milkfish and other 
species grown in the same manner to the point where they could repre- 
sent a significant source of low-cost, high-quality protein for the Philip- 
pines and other developing countries. As matters now stand, milkfish is, 
in fact, more truly a luxury product than channel catfish; it fetdies about 
one-quarter the price of catfish in a country where the average income 
is less than 5% of that in the United States."^ 

I^Anoilier group of cultivated organisms still closer to the base of the 
food chain are the bivalve mollusks. These animals feed directly on the 
unicellular algae or phytoplankton suspended in the water. No estab- 
lished commercial shellfish practice to date has involved the use of arti- 
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TABLE 4 ECONOMICS OF A TEN llECaTARE MILKFISII FROJECT (jU S )' 

Gross annual income 

15 000 kg of milkfisli at $22/kg 
Miscellaneous fish shrimp, crabs, etc 


?3,S00 

150 

3,450 


Operating expenses 

Annual rental @ $li0/ha 

Purdiase of 120 000 milkfisli fry at $l 50/1,000 

Salary of one aretaker, 518/month 

Emergency labor 

Supplies anil material 

30 tons of agricultural lime 

2300 kg organic fertilizers anil 10 bags diemical fertihrers 
Miscellaneous 

Depreaation on equipment 
2% on concrete gate 
207 o on wooden gates 
50% on nets 
15% on flatboats 
Interest (10% on capital) 

Sales charges (brokers commission and other expenses) 
Fish containers 


15 

180 

216 

15 

22 

9 

787 

15 

8 

20 

28 

27 

726 

158 

6 


Annual net income for I year 
Annual profit to capital 
« Expenses are based on the assumption that (1) the area i$ sirgin mangrose 
swamp with second growth forest ^ there are at least two creeks to close, (3) 
the desired elevation is one fool lower tlian llie ude for the area, (4) labor is 
imported and workers gel at least $075/day. and (5) area must be JeseJed and 
50% excavated Comersion from pesos at PS I 00 = $0 15 
SOURCE Esso Agroservice Bull No 8, Jan -Feb , 1967 


2 282 
1,240 
17% 


ficial food artificially grown algae, or even the fertilization of natural 
waters to enhance the growth of the phytoplankton Thus the yields of 
cultivated shellfish depend, among other things, upon the concentration 
of food organisms naturally present in the water and rate of movement 
of water carrying the suspended food to the animals Greatly increased 
yields per unit of area under cultivauon over those obtained by the tra 
ditional bottom culture of shellfish have been achieved by using the 
Japanese technique of three-dimensional culture m whi^ mollusks 
are suspended from rafts on ropes or wires 10 m or more m length' 
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Grown in this way, the bivalves have access to all of the food organisms 
suspended in the entire column of water from surface to bottom. A single 
raft 16 X 25 m in size and suspending 600 10-m strings of oysters is 
capable of producing over 4 tons of oyster meat per year, though average 
yields are probably about half that figure. 

(_An economic breakdown of the Japanese oyster industry as practiced 
in the Inland Sea (Table 5) shows that profits and return on investment 
are high, as would be expected in a form of aquaculture dependent en- 
tirely on natural foo^The capital investment is also modest, consisting 
only of the rather simple rafts (about $400 each), one or more small 
workboats, and a shed for shucking the oysters. An attempt was made to 
estimate capital outlay, but the figures may be very generous judging 
from the small annual cost of interest on capital, and the annual return 
on investment may therefore also be underestimated. 

distinct economic advantage to the industry is that the area under 
cultivation is designated by the prefectural government and assigned by 
the local fishermen's cooperative association to the individual grower at 
no cost. Raft culture is, however, a labor-intensive form of aquaculture. 
Labor costs in the Japanese oyster industry may account for as much as 


table 5. ECONOMICS (IN $U.S.)« OF THE JAPANESE OYSTER INDUSTRY^ 
(roUR EXAMPLES RANKED BY SIZE OF THE OPERATION.) 


Rank of grower 

Area of growing field (ha) 

Number of rafts 
Capital investment (est.)« 

Labor (hours/year) 

Annual production, shucked meat (kg) 
Annual gross income 
Annual expenditures 
Labor 

Maintenance 
Depredation 
All otlicr* 

Interest on capital insestment 
Annual profit* 

Annual return on inscsimem (%)* 


1 

2 

S 

4 

3 

6 

12 

24 

5 

9 

18 

33 

10,000 

14,000 

19,000 

27,000 

5,121 

10,963 

27,106 

28,343 

12,019 

21,632 

52,550 

63.511 

C,000 

10,000 

17,400 

32.600 

2,200 

6.500 

13,700 

23,700 

540 

1,800 

5.700 

9,300 

265 

930 

2,950 

3,450 

615 

1,120 

3,100 

4.200 

780 

2,650 

1,950 

16.750 

70 

520 

410 

1,080 

3,750 

2,980 

•1,260 

7,820 

38 

25 

25 

S3 


* Con\crsion at 360 )cn 5L00 U.S. 

* Data pro\idc(l by Nansei Regional Fidieries Rcse.'irdi Laboratory, Hiroshima, 
Japan, except where noted. 

' Eitimate of J. H. Ryihcr, based on personal sisit and inters icsvs with growers. 

* Indudes cost of scetl oysters, fuel, rent, and cliarges 
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50% of gross income, m contrast to about 10% for both U S catfish and 
Philippine milhfish farming In countries uhere the cost of labor is ap- 
preaably higher than m Japan, raft culture is not economical for that 
reason alone 

It is clear from these few examples that the economic \iabilit> of a 
gi\en aquacultural practice is dependent upon a large number of com 
plex and interacting factors, often more soaological than technical, that 
are peculiar to the region if not unique to the individual enterprise 
Broad generalizations and pnnaples concerning the economics of aqua 
culture thus ha\e httle meaning The blueprint of a profitable operation 
m one location is no guarantee of its successful application in another 
physical emironment or in a different cultural or political setting 
Commercial aquacultural enterprises can also be evaluated and com 
pared m terms of the tonnage produced per unit of human labor input- 
On the basis of the data presented in the preceding tables it can be calcu 
lated that approximately 4 tons of Japanese oysters (excluding shell 
weight), 15 tons of Philippine milkfish. and 30 tons of VS catfish may 
be produced per man year of labor Carp culture in the sewage ponds of 
the Ba\aria Power Company near Munich, West Germany, yields oscr 
30 tons per man year (100 tons of carp from 200 ha of ponds tended by 3 
men) Trout culture m Denmark yields about 16 tons of fresh fish per 
man year, whereas on the more eSicient trout farms m Idaho, the labor 
of one man may annually produce o\er 100 tons of fish The latter figure 
IS also closely approached if not exceeded m the high labor and mod 
erately capital mtensise mussel industry of northern Spam It is to be 
noted that the Spanish mussel industry makes full use of extremely 
fasorable natural amenities (high ferulity of the water, protected natural 
sues, three-dimensional use of the wratcr and us contained food organisms) 
and that the product therefore becomes rclaluely cheap 
Yields per unit of labor input in aquaculture compare faxorably wnth 
medium intensity pig and chicken farming but the most ads’anced and 
mechanized high-capital input methods of reanng hogs and poultry pm- 
duce considerably more animal meat per man year of effort than com 
meraal fish farming enterprises Lack of adequate cost accounting 
the difficulty in obtaining reliable information make such comparisons 
tenuous to say the least But it is not unreasonable to assume that th^ 
far greater application of research and deielopment to land animal hus- 
bandry, as compared to (he rearing of aquatic animals is largely respon 
sible for the relatite disadvantage in weight produced per man year of 
aquacultural effort There is no doubt that commercial application of 
newly deteloped highly automated methods of feeding and hanesting 
can greatly improve aquacultural production efficienaes 
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The foregoing information casts some doubt on the ability of intensive 
commercial aquaculture to contribute significantly either to the im 
provement of nutrition or the expansion of the economy m low income 
countries These two potential aims ought to be considered separately, 
though Hundreds of hectares of ponds are now being brought under eel 
culture in Taiwan, the products so raised, small eels for further cultur 
mg, and others reared to minimal consumption size, are exported to 
Japan Mullet culture is being perfected m that same country not so 
much because the mullet is a herbivore with a good growth rate and 
palatable flesh but because its sun dried roe is a highly prized delicacy 
on the Japanese market These enterprises provide employment and 
foreign exchange both assets of great importance m the economy of an 
agricultural country of higli population growth and low per capita m 
come 

These assets of export aquaculture make it easy to find the capital 
necessary to achieve e\en moderately high production Capital is less 
readily available for the production of low priced fish for home con 
sumption Its supply must rely on the availability of government loans, 
which should result from a clearly stated policy of diversification of food 
production and the upgrading of nutritional levels All too often govern 
meats lack the necessary experience to assess the security offered by pro 
posed aquaculture enterprises Thus aquaculture in low income countries 
tends to remain a part of mixed subsistence or near subsistence farming 
which defies conventional economic analysis 

Even where governments have correctly <assessed the potential contn 
6a(ions of aquacufturc, the incentives necessary to impfement a success 
fill program may be lacking, as illustrated by an example from 
Cambodia, a country in most respects naturally well suited to aquacul 
lure 

Cambodia s large fish consumption [about 20 kg/(person)(year)3 has 
traditionally been supplied by largely unmanaged freshwater fisheries 
hy the mid 1950s, however, changes in land use and oicrfislnng had re 
suited m a reduction in fishery yields This coupled witli an annua! net 
Jiopuluion increase of o%cr 2%, made U apparent to Western technical 
advisers tint more intensive fishery management, augmented by fish cul 
turc. would be necessary if the consumption of fish was to be maintained 
at Us high level Ginncll) (19G2), wlio documented tlie successes and 
failures of fish culture m Cambodia, maintains that the failure to cstab 
hsh iihpia culture, attempted in 1955, resulted because (1) conditions 
were not right for the acceptance of raising fisli in this manner, tint is, 
the government oflicnls themselves were probabl) not convinccti ihai u 
was a good thing (2) ihc forcsir) division chiefs vvho were responsible 
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for the ponds were neither interested nor trained in the management of 
fish ponds, and (3) an unfamiliar and foreign fish was introduced simply 
because this species is, in some respects, easy to raise. 

The same constraints did not apply to a French rubber plantation 
where the management decided in 1955 to try to cut employee food 
costs by raising fish on the plantation rather than buying them from the 
distant market. After two years the management of the ponds was well in 
hand. Each 0.1-ha pond yielded 1600 kg/year on the average, or 16 
tons/ha. The new species of fish was readily accepted by the workers on 
the plantation (Cambodian, Vietnamese, and Cham), although under 
conditions where they had no choice. 

Ironically, the plantation ponds are but a short distance from the gov- 
ernment pond in the town of Mimot. The installations were started 
about a year apart, one has been extremely successful and the other a 
failure. 

Even smaller, subsistence-type aquacultural enterprises may be very suc- 
cessful, as is borne out from the cost accounting for a Jive-box fish culture 
operation, aho in Cambodia. (Table 6.) 


TABLE 6. COSTS (iS RIELS, 36 RIELS =» 1 tf.S. DOLLAR) FOR ONE YEAR OF 
CAGE CULTURE OF PangOSWJ (CAMBODIA) 


Box 5.000 

Pen in lake, estimated 5,000 

Fingerlings 10,000 

One coolie 7,200 

Fish food 30,000 

Total Ssiioo 


note: If iliese fish are sold at the customary average price of 5 riel$/kg and the 
mean is 1,73 i^/fish. ibeo 

1.75 kg/fish X 10.000 fish - 17.500 kg 

17.500 kg X 5 riels/kg =87,500 riels 

87.500 - 55.300 = 32,300 riels (923 $ U.S.), 

or 377o profit to owner 


Comparable examples could be cited from other Asian countries, from 
Africa, and from Latin America. They suggest that the slow development 
of aquaculture in many low-income countries is not so much due to 
inherent shortcomings of the practice — although there are many lacunae 
in biological knoivledge also — ^but largely to such problems as lack of 
funds, slow capital formation, lack of credit fadlities, overextended ad- 
ministrations, and inadequate infrastructures (roads, markets, etc.). A* 
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these are alleviated it behooves governments and pnvate entrepreneurs 
alike to make the best assessment of the market potential of any speaes 
before embarking on large scale developments Aquaculiural develop- 
ment in emerging nations might also be improved if some foreign tech 
meal advisers vs ere less insistent on doing dungs their own way and more 
attentive to local preferences and practice The interplay of many (or 
some) biological, soaal, economic, and other factors on the development 
of a species for commercial aquaculture is scliemaiized in Fig 2 

Necessary steps in the further development of aquaculture are (1) the 
establishment of central and regional aquaculture research stations, (2) 
demonstrations of techniques and faalities (S) instruction for local 
officials teachers and farmers, (4) adequate extension services, and (5) 
provision of speaal credit arrangements All of these depend on the 
adoption of a clear policy to promote aquaculture m each country 
In the so-called developed world, the consideralions involved in the 
promotion of aquaculture are much more likely to be purel) economic. 
Government assistance should be but is not necessanlj effectively aimed 
at making the enterprise hnanaally competitive vsnth other food produc 
ing industries Official policies to improve the diet of the people are 
hardly seen as incentives except, perhaps, in the sooahsl planned econ 
omies, where, inadentally, cost accounting is also relevant 

A PROGNOSIS FOR AQUACULTURE 

^he total world tonnage annually produced through aquaculture, as 
defined by us, has recently been established at over 4 million metnc tons 
This tonnage is denied mainly from fresh and brackish water, with true 
manculture barely in its infancy Provided there were no economic 
constraints on the upgrading of culture techniques, the yields from 
existing aquaculture installations could well be multiplied tenfold 
within the next three decades Aquaculture would then furnish us wnth 
animal proteins equivalent to more than half the present world fish catem 
In theory, there are opportunities for considerably greater expansum 
For example vast regions of presently unutilized brackish swamps exist* 
in the tropics, in the archipelagoes of southeast Asia alone they are es- 
umated to comprise 6 to 7 million ha Their wholesale use for aquaculture 
or any other purpose is not to be advocated because they are important 
nursery grounds for a great number of animal speaes, including many 
of commeraal importance. However, judiaous development of a portion 
of these swamps say 10% or less. wTiuld be both possible and advisable. 
Within two lo three decades these areas could contribute an additional 
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10 million metric tons of fish and shellfish — more than the current 
fishery production of the world’s leading fish-producing nation. 

Maricultiire proper is also likely to make great strides in the coming 
decades. Already, Japanese culturists are producing nearly 30 kg of 
ye]lowtail/(m-)(year) in floating net cages. If they succeed in breeding 
these fish and/or in developing a pelleted feed for them, substantial 
improvement may be made. 

To further illustrate the potential of true mariculture, we quote 
Shelbourne (1964), ivho discusses, albeit speculatively, the rearing of 
marine flatfishes in a very limited space: 

The natural diet of the plaice includes small mollusks and marine 
worms. Mussel (Mytt'fus edults) culture on a large scale should present 
no special difficulties; it is not beyond the realms of possibility that a 
cheap manufactured food based on fish offal or agricultural by-products, 
with balanced additives, would be acceptable to marine fish in fattening 
ponds. 

Whereas ‘'reaping” the natural stock is the expensive aspect of fishing, 
as we understand the term, “reaping” a pond stock is the cheapest 
imaginable process — simply pull out the plug and drain the pond. In 
this way, really fresh fish would become available to the national market 
with minimum preservation and processing costs. Processing plant is an 
expensive investment at the moment, inefficiently operated due to the 
fickle nature of fish supply. Rotational pond cropping, in a systematic 
manner, would enable the industry to trim its processing investment to 
the scale of continuous, guaranteed supply. 

As a matter of interest, roughly 200 million North Sea plaice reach 
marketable size (25 cm) each year. About 75 percent of fish entering tlie 
fishery are caught by trawlers, the British effort accounting for 25 percent 
of the total take. In 1961, for instance, 35 million North Sea plaice were 
caught by British vessels. If each fish be given a hypothetical allowance 
of 1 ft2 of bottom, then the annual British catch could be housed in shal- 
low ponds covering 1 square miles in extent. 

Among the imaginative schemes being tested for application in mari- 
ailturc arc various designs to increase the productivity of tlie surface 
waters of the oceans by pumping up nutrient-rich water from the depths. 
It is questionable that such pumping schemes could be economical for the 
piir|>05e of aquaculture alone but if they were coupled with deep water 
(whicli is both cold and rich in nutrients) for use in the condenser cooling 
5>'5!cm5 of power plants, for air conditioning, or perhaps for the produc- 
tion of power by means of vapor pressure differentials of the water from 
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the deep and the tropical shallows, aquaculture could become a viable 
secondary industry, made possible by the costs of pumping being appor 
tioned to ses eral enterprises It must be stressed though that such schemes 
can potentially disastrous in certain environmental contexts since they 
may lead to the rapid eutrophication of lagoons within coral atolls It 
would be important, therefore, to indude in the feasibility studies of 
such mariculiural sdiemes tests for methods that would use, or remose 
completely, the nutrients of the injected deep water If deep water pump- 
ing were still cmisaged for aquaculture alone, there would, in many 
locations be no particular advantage to using deep-sea nutrients as op- 
posed to nutrients of terresinal ongin such as sewage or runoff from 
fertilized land, provided the latter two were not contaminated svith man 
made, potentially toxic, inorganic or oiganic chemicals or human patho- 
gens 

The total theoretical potential of aquaculture is, without question, 
very high Whether it can be reached and sustained is problematical 
In addition to technical and economic difficulties to be overcome there 
IS the phenomenon of global pollution to be dealt with Water pollution 
not only threatens the very survna) of aquatic animals, it may also render 
them unfit for human consumption, as has already happened in a number 
of instances Clearly, the future of large-scale aquaculture will be bright 
only if man thoroughly reappraises his poliaes of land and water man 
agemenc 

Some forecasters have also discerned a threat to the future of aquacul 
lure m the actual and potential increases in the productivity of terrestrial 
agriculture Such speculations underestimate the present and future need 
for food, as well as global problems of food distnbution, svhich aquacul 
ture can alienate, to some extent, by being capable of producing moderate 
volumes of meat in many different places Yet unless and until man 
achieves population stabilization, food needs will not be fully met, and 
regional inequalities m diets wiU persist In fact, man's ultimate survi'al 
depends on his realizing the urgent need for curbing his numbers to the 
replacement lesel As we proceed down what is hopefully the road to 
attaining this state, we will strain not only the food produang capacity 
of the land, but that of the waters as well, indeed, we base already begun 
to do so In the long run then, to discuss the oimpetition of aquacultur® 
with agnculture or any other means of food production seems irrelevant 
What IS important is to wort to maximize sustained production <?£ 
high-quahiy human food — along wnth population stabilization 

It IS certain that maximization of the production of aquatic foods can 
be achieved only if the importance of aquaculture is realized, and iw 
development aided by government and industry sponsored research and 
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development programs Then it is not improbable that its development 
may parallel that o£ terrestrial agriculture In a more distant future, the 
harvest of cultured aquatic stock may even come to nval the traditional, 
barely managed harvest of natural populations 
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HJSTOHY y^JVD STATUS OT COMMON CARP IN FISH CULTURE 

Of all the species of fish viiilizcd by man the common carp {Cyprinus 
carpio) has the longest histor) of culture As early as -ITS nc spanning 
of capihc carp in China svas vicsenbed and adsocated as a profitable 
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business by Fan Li m the first known treatise on aquaculture Some 
authors believe the practice dates back as far as 2000 &.C Anstotle 
mentjons carp and it is likely that both the Greeks and Romans fattened 
carp m ponds Further introductions in Europe may have taken place 
around 1150 The history of carp culture m Austna goes back to 1227, 
and by I860 the species was raised in most, if not all, the countnes 
of Europe 

Carp were first introduced into North America in the mid nineteenth 
ceniurj and subsequently became widespread tn streams and lakes there, 
although carp culture remained unimportant The countnes of south 
east Asia have many similar native C)pnnids which are used in aqua 
culture, but common carp were introduced to ever) southeast Asian 
country between 19M and 1957 and are now cultured throughout the 
region They were also introduced to Australia at an unknov^n date In 
recent times carp have been widely introduced m Africa and Latin 
Amenca for aquaculiural purposes but to date they do not play an 
important role in fish culture in Afnca and among the Latin Aroencan 
countnes onl) Guatemala and Ham suppon significant carp-raising 
enterpnses 

SUITABILITY OF COMMON CARP FOR CULTURE 

The culture of carp has been a remarkabl) successful and widespread 
method of produang protein for human consumption In 1965 carp 
were estimated to have contnbuted 210000 tons to the world fish supply 
This estimate did not include the carp producUon of mainland China, 
which exceeds that of all other countnes combined million tons of 
common and Chinese carp were grown there in 1965 Furthermore, these 
figures are based on market statistics which are notonously inaccurate 
in developing countnes where 50% or more of the production is not 
offered for sale and therefore not counted The total world production 
of carp and similar cypnnids may well approach 2 million metric iovs 
with perhaps half of this figure derived from waters under intensive 
culture If one assumes a per hecure yield of carp of 500 kg which 
corresponds to the average in Israel for unfed fish m unfertilized ponds 
(2000 kg or more per hectare are attained vntiH fertilization and feeding) 
2 million hectares of water surface would be necessary to produce the 
estimated tonnage of cultured carp This area is less than 1% of 
total estimated freshwater area of the globe, including brackish lagoons 
and certainly a small fraction of the water areas that eventually could 
be made usable for this type of fish culture 
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The success of carp culture is due largely to the relative ease with 
which carp can be made to spawn in captivity and the hardiness of the 
species at all life stages from egg to adult. Carp adapt themselves to both 
acid and alkaline waters and easily tolerate salinities of up to 20%c>. In 
Israel, carp are raised at salinities of up to 30%c. Although production at 
such high salinities is low, selective breeding is being carried out with 
the aim of developing a strain of carp which will thrive under such condi- 
tions. Carp are naturally tolerant of a wide range of temperatures, and 
selective breeding has enhanced this advantage by producing strains 
adapted to a wide variety of temperature regimes. Thus carp are now 
profitably raised from the tropics to the northern limits of the north 
temperate zone. Unlike most fish species, carp do well under conditions 
of high turbidity. 

Complementing the general hardiness of carp are their catholic food 
habits. The natural food of young carp is zooplankton. Later in life they 
feed chiefly on bottom invertebrates. Both of these animal groups respond 
by an increase in their biomass to fertilization of the water, which con- 
siderably simplifies die aquacuUurists’ feeding chores. Other foods con- 
sumed in nature include algae, small fish, earthworms and other 
terrestrial invertebrates, and various kinds of detritus, particularly decay- 
ing plant matter. As might be expected, in captivity carp quickly learn 
to accept a wide variety of live and prepared foods. 

The significance to the aquacuUurist of the carp’s remarkable hardiness 
is that, according to S. Tal, Director of the Inland Fisheries, Ministry 
of Agriculture, Tel Aviv, Israel, no otlier fish has yet been found that 
can be as easify managed for fugfi yiefrfs per unit surface or vofume of 
water, nor are there many ocher species Uiat are as economical to raise. 
The carp’s adaptability is expressed not only in its wide distribution 
and long history as a cultured fish and in the enormous production of 
carp flesli throughout the world, but also by the wide variety of techniques 
employed in carp culture. 


COLLECTION OF WILD CARP FOR USE IN CULTURE 

Although the carp is notable for the case with which it is bred in 
captivity, in some localities low-intensity methods, which do not involve 
reproduction in captivity, are still employed. In the Soviet Union many 
carp of various ages as well as other fishes arc stranded in shallow pools 
when spring flood waters of the larger ris-ers recede. It is common practice 
to rescue such fish for stocking in other waters. In some years ns many as 
^<^2 million carp arc thus rescued. 




PtATE 1 Transfer of breeder carp into Indonesian pond showing tarred bamboo 
containers for transport of fish (Courtesy S Bunnag FAO ) 


Collection o! stocks ol naturally spawned fish in mainland China is a 
somei\hat more sophisticated operation Eggs and Try, rather than adult 
fish, are collected from the larger mers to be raised in ponds Common 
carp are not as highly valued m China as the various Chinese carps, 
but some are inevitably collected due to ihe nonselective methods of 
obtaining eggs and fry (For a description of these methods see the follow 
mg section on Chinese carp culture) Some of these fish are raised, either 
alone or m polyculture with the Chinese carps, so that common carp 
accounts for about 5% of the weight of cyprinid fishes cultured in main 
land China and Taiwan 


BREEDING 

TROPICAL AND SEMITROPICAL WATERS — SEMINATORAL BREEDING 

Since the carp is so easily spawned m captivity, most cultured carp ar® 
many generations remosed from wild stock Breeding in captivity has the 
advantage of stabilizing the supply of carp available for culture More 
important, it permits selection for vanous desirable traits 
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The classical methods of breeding carp are many, but all are adapta* 
tions of the spawning habits of carp in nature. In nature, carp spawn 
seasonally in temperate climates and year round in the tropics. The 
stimulus for spawning is a rise in water temperature, often accompanied 
by flooding. The adhesive eggs are laid near the surface on looted 
aquatic plants, on floating plants, or on submerged terrestrial vegetation. 
The aqiiaculturist simulates these conditions by bringing spawners to- 
gether in freshwater slightly warmer than that in his holding areas and 
providing real or artificial plants for attachment of the eggs. Perhaps the 
oldest variation of this technique is die Dubisch method, which is still 
practiced in some parts of Europe and in Indonesia. In this method, grass 
is grown on the bottom of a dry spawning pond to a height of 40 cm 
and the pond is filled until the water just reaches the top of the grass. 
Eggs are deposited on the grass. A trench 0,75 m deep may be dug aiound 
the perimeter of the pond to prevent spawning on overhanging terrestiial 
plants. When spawning is completed the carp are removed and the eggs 
allowed to hatch in the spawning pond. Tlie classical Chinese method is 
identical except that filamentous floating plants such as CeratophylluiTij 
Myriophyllum, or water hyacinth are used as egg collectors. These should 
be thoroughly washed to remove potential egg predators. In Europe, piles 
of brush are used in place of aquatic plants in the similar Hofer method 
of carp culture. 

Today most carp cuUurists rely on transporting the eggs to hatching 
ponds rather than removing the spawners. If t)ie eggs are caiefully han- 
dled this results in less disturbance than •would be caused by netting out 
the adult carp. The simplest way of accomplishing this is to introduce 
floating plants confined irithin a floating frame into carp stock ponds at 
spawning time and let tlie carp spawn naturally. When spawning has 
been completed, the egg-laden plants ate removed. Greater ease of han- 
dling may be eflected by attadting the plants to bamboo poles fixed at 
regular intervals in the pond. Spawning carp in stock ponds has the ad- 
vantage of minimizing handling operations and cutting down on the 
number of ponds required; however, it precludes selection of individual 
spawners, thus careful primary selection of spawning stock is imperative. 

Space, labor, and water supply permitting, it is better to provide sep- 
arate enclosures for eacli ph.ise of culture. Spawning enclosures, particu- 
larly those used for small breeders, need not be nearly as large as ponds 
used in other carp culture operations. In India cement cisterns 10 m X 
9 m X 1 m arc used in commercial breeding. "Wlien the fish arc ready for 
spawning, water from a pond heavily populated by carp is pumped into 
a depth of 0.5m; 15 or 20 kg of thoioughly washed aquatic plants such 
as Hydrilla or Naias arc used to collect the eggs. In the evening 5 or 6 
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selected npe females weighing about 20 kg each and 10 to 15 oozing 
males of the same weight are introduced By mommg all or most of the 
fish will have spawned and the eggs can be removed to hatching tanks 
Containers placed in shallow areas of stock ponds may also be used 
for spawning The best known device of this sort is the Indian hapa, a 
rectangular cloth tank about 1 m in depth stretched and fixed by bam 
boo poles The sues of male and female carp and the amount of plants 
used are limited by the sue of the hapa Table 1 is a guide to the ap- 
proximate amounts of fish and plants used 


TABLE I AMOUNTS OF PLANTS AND FISH TO BE STOCKED IN HAPA5 FOR 
SPAWNING COMMON CARP IN INDIA 


BIMENSIOVS 

OF HAPA (m) 

NO 

99 

WEIGHT OF 

9(,c) 

NO 

£ i 

TOTAL 

WEIGHT OF 

£ £ (KC) 

WEIGHT 

OF PLANTS 
(KG) 

2X1 

I 

lor less 

2-5 

1 or less 

■n 

SXlV'i 

1 

3-4 

2 3 

3-4 


4X2 

1 

5-6 

2-3 

5-6 



In the evening the spawnen are introduced and the hapa is covered 
to prevent the fish jumping out Most of the fish will spawn by the next 
morning but to insure complete spawning SO hours may be allowed 
before the plants and eggs are removed and transferred to the hatching 
area 

After spawning the carp are returned to the stock pond The females 
are weighed before and after spawning The difference in weight m grams 
multiplied by the average number of ovarian eggs per gram weight of 
ovary is used as an estimate of the loial number of eggs laid 

In Indonesia carp are spawned m ponds as small as 5 m* In such 
small ponds freshlj cut grass or bunches of the dark, horsehairlike fibers 
of the indjuk plant (Arenga ptnnata and A sacchanfera) are floated on 
Uie water surface to serve as egg collectors However, most carp spawning 
in Indonesia is earned out m ponds 20 to 30 m* For such ponds a more 
easily handled egg collecting device known as a kakaban or egg mat has 
been developed Xakabans are made of indjuk fibers which have been 
strengthened by soaking them m water for about 5 days. A thin layer of 
fibers 1 2 to 1 5 m long is pressed longitudinally between two bamboo 
lathes 4 to 5 cm wide The margins are tnmmed to produce an even end 
The resulting struaure is shaped like a two-sided comb with a width of 
40 to 70 cm Properly used and cared for, kakabans will last 1 to 2 years 
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F)C I Airangcjnent of Kakabam in an Indone* 
Sian carp spawning pond (After Alikunhi, 1966) 


Kakabans are placed in a spawning pond with a bottom free of silt 
and mud but not hard enough to bruise the breeders. If the bottom tends 
toward muddiness, the pond may be dried for some days before use. The 
bottom may also be cemented or covered with sand To prevent eggs 
being deposited elsewhere than on the kakabans the margins of the spawn- 
ing^ pond should be free of aquatic and terrestrial plants. 

Kakabans are laid transversely on a long bamboo pole held in place 
between two pairs of shorter poles driven into the bottom at either end 
o£ the pond. They are spaced so that die fibers of adjacent kakabans 
just touch. The bamboo pole floats, thus the whole structure moves freely 
with changes in water level, but the weight of the kakabans keeps it 
slightly submerged (Fig. 1). The number of kakabans required is calcu- 
lated on the basis of 5 to 8 kg of female spawners. 

Mliile spawning is taking place a gentle flow of water is maintained. 
As in other methods spawning occurs mostly at night. When the lower 
surface of a kakaban is covered with eggs it is turned over; if both sides 
are full, it is replaced with a fresh one. When spawning is completed, 
the kakabans with eggs attached are placed in hatching ponds. 

The spawning methods thus far described, all similar to natural spawn- 
mg, are quite satisfactory in tropical and subtropical countries where 
carp are perennial spawners. In xvarm climates carp of both sexes may 
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become npe again ^Mthin three months after spawning or, under ex 
ceptionally good conditions within two months There are records of 
indi\idual carp m India which have spawned five times in one year 
Thus a commcraal carp breeder in the tropics can count on three spawn 
mgs a year by merely placing npc males and females together m warm 
water and providing an egg collecting devnee 

TEMPERATE WATERS INDUCED BREEDING 

In the temperate zones carp are annual spawners The carp cultunst 
m a temperate climate is at a disadvantage m companson to his tropical 
counterpart not only because his fish spawn less often but because their 
spawning is less predictable Unforeseen changes in the weather, an oc 
casional problem in the tropics are almost usual in temperate climates 
Tor example a cold snap during the spavsning period may interrupt or 
delay spawning at a considerable loss in elfiacncy and total production 
Total control of the carps environment would undoubtedly prove effec 
live m solving this problem but costs are prohibitive Instead the carp 
cultunst may regulate the lime of reproducuon through inducing spawn 
mg by pituitary injection This tedmique is being expenmented with as 
a means of inaeasmg frequency of carp spawning m temperate climates 
but at present us chief advantages are in permitting the fish cultunst to 
schedule his work quite ngidly and m allowing strict genetic control 
(A short discussion of the history and significance of induced spawning 
using pituitary matenals along with a list of references on the subject 
may be found in Chapter 3) 

Ripe female common carp are injected intrapentoneally at the axil 
of the pelvic fin with fresh or fresh frozen pituitary extract from another 
common carp of either sex and equal weight or with 2 to 3 mg per kg bod) 
weight of acetone dned carp pituitary in 1 cm® distilled water The im 
portance of using common carp pituitanes should be stressed for although 
most fish which have been tested with pituitary extracts respond to ma 
tenals from unrelated speaes even animals belonging to different classes 
the common carp has thus far been found to respond only to pituitary 
extracts of its owm speaes 

For best results fish to be injected should be conditioned and spawned 
in well-oxygenated water at about 20®C The simplest spawmmg pro- 
cedure is to place injected females in small ponds with an equal number 
of males and a device to collect the eggs and let spawning occur as m 
the methods already described TTie males may also be injected but if 
they are v ery npe it is not necessary 

More effioent fertilization and a high d<^ee of genetic control can be 
achieved by hand stnpping the fish This method is best for very 
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breeders which would normally require excessive space to spawn After 
injection» females are kept in holding tanks separated from males Within 
12 to 20 hours they are usually ready to strip Male breeders are injected 
in exactly the same way as the females This has tlie effect of increasing 
the amount of seminal plasma, tliiis providing more milt Eggs are 
stripped first, then milt from a male is stripped directly onto the eggs 
(For a detailed description of the techniques of egg and milt stripping, 
see Chapter 20) The eggs and mih should be mixed thoroughly with a 
nylon bristle paint brush in a plastic container, to which the eggs will 
not stick as they do to glass or enamel Care should be taken to prevent 
any water from coming into contact with the eggs or milt during snipping 
In this connection it is helpful to wipe the fish dry with clieesecloth and 
work in dry gloves 

Shortly after the eggs and milt are mixed, small amounts of water are 
dripped onto them, fertilization will occur only m the presence of water 
Once fertilized, the eggs will begin to clump and adhere to each other 
Before clumping progresses very hr the eggs are lifted with the brush 
and shaken into a holding vessel containing 10 to 15 cm water and a mat 
of Spanish moss or some other egg collector, or the eggs can be poured 
onto the egg collector from the plastic container In either case the water 
in the holding vessel should be vigorously agitated dunng transfer of 
the eggs in order to disperse the eggs m a manner similar to that attained 
by carp m nature Dispersion is important to prevent fungus, which will 
inevitably form on any dead eggs, from smothering adjoining live eggs 
The egg collectors with eggs attached are tranferred from the holding 
^essef to ponds or hatchery troughs for hatching 
It is worth noting in connection with induced spawning of common 
carp by pituitary injection that while common carp are unusual among 
fish in responding only to pituitary extracts from their own species, 
common carp pituitary is by far the most widely used m inducing spawn 
mg of other fish species It is relatively large and easy to remove, retains 
Its potency when dried for up to 2 years or, in some instances, as long as 
10 years, and common carp are readily available and easily kept nearly 
e\erywhere that fish culture is earned out Thus many state, commercial, 
and expenmental fish culture stations maintain small populations of 
common carp, often culls from stocks raised for food, as a source of 
pituitary glands 

SEXING and selection of spawners 

Two common needs m all types of intensive carp culture are sexing and 
selection of spaavners Often u is not easy to determine the sex of common 
carp When ripe, the female usually exhibits a fuller profile than the 
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male. Old males usually develop a few nupiial tubercles on the sides of 
the head and on the pectoral and ventral fins. The only sure way to^ 
young breeders is by extrusion of the genital product. To avert the need 
for examination of each fish, carp culturists in India and elsewhere hate 
developed the practice of spatvning each female with Us'o or more pre- 
sumptive males of such a size that the total weight of the “males ap' 
proximately equals that of the female. Thus though a few immature 
males or females may be included among the brood stock, there is a very 
low probability of any female’s eggs not being fertilized. 

Male and female carp to be used as spawners are usually kept separately 
from each other and from oilier slock. It is often recommended that ponds 
used for this purpose be in a sheltered location, for it is belies'cd that 
exposure to a cold wind with resultant chilling of the water may retard 
spasvning. 

In Indonesia spawners are fed a special diet of rice bran, porridge, 
and com for 3 days prior to spawning. Immediately after introduction 
to the spasming pond they may receive a special ration of porridge about 
1/20 the total weight of breeders. In general, though, breeders w’ill reach 
optimum spawning condition under the same dietary regime which 
duces healthy commcrdal stock. However, breeders should not be overfed 
or encouraged to grow too rapidly, for excess fat hampers gonad des’elop 
ment. Rice bran may be fed to spent breeders during the period oI re- 
covery. 

Over the centuries culturists have deseloped and maintained a number 
of strains of carp considered to be especially desirable breeders. Fecun- 
dity is of course the primary consideration. But fecundity cannot be 
empirically determined without considerable expenditure of time and 
effort and the sacrifice of a number of fish. Thus external indicators of 
fecundity have been sought. Presumed characteristics of good breeder* 
have been summarized as follows: 

1. Body moderately soft. 

2. Lower side of the belly broad and flattened so that the fish wdfl 
stand on its belly, 

3. Relatively great body depth. 

4. Caudal peduncle relatively broad but supple. 

5. Small head and pointed snout. 

6. Ratlier large and regularly inserted scales. 

7. Genital opening nearer to the caudal peduncle than in the average 
carp. 

According to Hora and PiUay (1962), "Some farmers believe that the 
best mark of a good spawner rdates to the insertion of the last scale b®" 
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fore the genital opening; if a line is dra^vn from the head along the body 
to the center of the genital opening it should cross this scale and divide 
it into two equal parts.” 

There is also at least one behavioral indicator used in selecting spawn- 
ers. Females which release large numbers of eggs at one time, so that 
they are bunched on the collector, are considered poor brood stock. 

Discriminatory use of spawners displaying the preceding character- 
istics of course amounts to selective breeding, a subject wliich will be 
covered in detail later. 

Age and size of spawners is also a factor to be taken into consideration. 
Age at maturity varies greatly with climate, as does growth. As a general 
rule in temperate countries males mature by their second or tlurd year 
and no later than the fourth; females in their third or fourth year. In 
very cold climates, some individuals may not mature until the fifth or 
sixth year. In the tropics both sexes usually reach maturity within one 
year, sometimes in as little as six months. 

Carp follow the general rule for fish in that the largest females produce 
the most eggs. Fecundity of course varies with genetic and environmental 
factors but Table 2 illustrates the general relationship between size and 
number of eg^. It should be pointed out that the spawn of very old fish 
may be low in viability. 


table 2, FECUNDITY OF FEMALE COMMON CARP 


SIZE (cm) 

NUMBER OF EGGS 

I&-20 

13,512 

20-25 

29,923 

25-30 

54,180 

30-35 

128,434 

35-40 

141,000 

40-45 


45-50 


50-55 

488,000 

55-60 

405,000 

60-65 

1,507,000 

Over 65 

2,945,000 


It might seem more efficient to spawn the largest and most productive 
females, but under the conditions of close confinement characteristic of 
most of the classical carp spawning methods it may be difficult or im- 
possible to breed very large females. Small males are preferred for the 
same reason and because they are more ardent couriers. Most Asian 
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to provide an adequate amount of zooplankton to feed the newly hatched 
fry in an indoor environment, although recent experiments in West 
Germany indicate the potential feasibility of rearing carp fry on a diet 
of brine shrimp (^r^emin) in flowing water aquaria. ^ 

The temperature for hatching should be the same as that at which 
the eggs were spawned. The optimum temperature is about 20°C in 
temperate climates and 25°C in the tropics. Carp are quite temperature 
tolerant, but eggs and larvae should not be chilled. For this reason, it is 
best that hatching ponds be sheltered from the wind. During abnormally 
cold seasons, Indonesian carp cuUurists hatch eggs in wooden tubs about 
12 cm deep which are placed in the sunshine during the day and kept in 
a warm building at night. 

Fungus as a source of mortality is perhaps more prevalent in culture 
than in nature. The fungus Saprolegnia gains a foothold on eggs which 
are unfertilized or have been killed by physical shock. The white, fuzzy, 
foul-smelling masses of mycelia which form on such eggs may spread 
and smother adjacent eggs, killing them as well. In tins manner Sapro- 
legnia can spread throughout a batch of eggs with disastrous results. Carp 
eggs are large and remarkably resistant to physical abuse as fish eggs go; 
nevertheless, they should be transferred from spawning to hatching en- 
closures with the utmost care. The incidence of fungus can be further 
reduced by seeing to it that eggs are not allowed to bunch together too 
closely. If, despite all precautions, numerous dead eggs are seen, growth 
of fungus may be inhibited when there is a current over the eggs by 
flushing with malachite green at about 2 ppm. 

In primitive methods of carp culture, such as the Dubisch method, 
the eggs are allowed to hatch in the spawning pond. In more advanced 
methods the egg collectors with e^s attached are transferred to separate 
hatching enclosures. Indonesian carp cuUurists support loaded kakabans 
in the same manner as for spawning. Before transfer to the hatching 
pond they are gently washed to insure that none of the eggs are coated 
with mud. In the hatching pond the fiber margins of the kakabans are 
not allowed to touch but are separated by 2 to 8 cm. Bamboo poles are 
placed across the ends of the kakabans parallel to the center pole and 
held in place by a board at each end of the pond parallel to the kakabans 
(Fig. 2). The weight of this device is adjusted so that it will compensate 
for changes in water level in keeping the kakabans about 8 cm below 
the surface. Hatching ponds are stocked at rates of approximately I ka- 
kaban per 30 to 50 of water surface. 

Masses of plants and other egg collector may be placed directly into 
hatching ponds or kept in smaller enclosures within ponds. In Indonesia, 
carp are sometimes hatched in a sump in the center of the pond; thus 
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Fic *’ Amrigewent of Kakabans in an Indiv 
nesian carp hatch ng pond (After AnsunJ** 
t9C0) 


the pond proper may be kept dry until the eggs hatch This is espeaali) 
ads-antageous where predators arc plentiful or water is scarce In India 
cloth hapas similar to those sometimes used m spawning are used as 
hatching enclosures Hatching hapas are usually 2mXlmXlm and 
made of cloth fine enough to prevent the fry from escaping but coarse 
enough to permit zooplankton to enter 

In parts of Indonesia the spawning enclosure is a compartment m a 
larger pond separated from the pond proper by a temporary earthen 
dam \Vhen spavsning is completed the dam is opened and the spawnert 
allowed to escape Then the dam is sealed After a vs eek the dam is opened 
again and the larvae are allowed access to the pond 
^Vhelher the eggs are hatched m a pond or an enclosure vsithin a pond 
it IS important tliat the pond receive ample sunshine to insure the growth 
of phytoplankton to feed zooplankton which vs ill in turn nourish ib^ 
young carp For the same reason the pond should be no more than 80 
an deep at its deepest point and naturally fertile or artifiaally enriched 
(seepp 43-45) A soft bottom is best moderate turbidity will do no barin 
It 15 convenient to have the pond so arranged that it can be easd) 
drained A catching device may be set up at the lower end to trap die 
fry dunng draining for transfer to reanng ponds 
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FRY REARING AND GROWING FOR MARKET 

As previously mentioned, the lime to Iiatching varies, but visual detection 
of larvae is no problem. When first hatched, the larvae do not swim about 
but attach themselves to plants or the walls of their container by means 
of a cement gland. Even so, with their elongate shape and beating tails 
they do not look at all like eggs. A little practical experience will enable 
the cuUurist to gauge the hatching rate of his fish under normal con- 
ditions. Complications in this regard will be diminished and growth of 
fry will be more uniform if all the eggs from a spawning are placed in 
hatching enclosures within one day. 

The yolk sac is absorbed and the larvae become free swimming and 
capable of taking nourishment in 2 to 6 days, again depending on water 
temperature. The young carp may be transferred to nursery ponds as 
early as 3 days after spawning or they may remain in the hatching pond 
for up to 3 weeks. At the time of transfer they may be counted volumet- 
rically. Survival to this point varies greatly; rates as high as 86% of egg 
production and as low as 20% have been reported, depending on weather, 
availability of zooplankton, and the success or failure of precautions 
against fungus and predators. 

Once the fry have been transferred to nursery ponds, the culturist's 
main concern is to raise them to marketable size or for use as breeding 
stock. In temperate climates, where the carp is an annual spawner, it is 
often necessary to hold fry at a convenient size so as to have a supply of 
fish on hand for stocking thoughout the year. Carp may be kept at a 
relatively small size for 2 years or more by judicious croivding and feed- 
ing just enough for maintenance but not enough for growth. This amount 
has been calculated as 30 mg of protein per 100 mg of carp per day at 
22 to 24®C, or a daily intake of about 1/1000 of the total protein content 
of a carp. In general, however, the cuUurist’s aim is to maximize pro- 
duction and profits by growing fish as rapidly as possible consistent with 
economic considerations. Maximum production is attained by fertiliza- 
tion of die water to increase production of natural carp foods, supple- 
mentary feeding, regulation of population density in the rearing areas, 
periodic culling of inferior fish, selection of breeding stock, and control 
of various environmental parameters. 

POND FERTILIZATION 

Pond fertilization may be thought of as an indirect method of feeding. 
Its purpose is to provide nutrients for phytoplankton, the lowest link 
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in the food chain An increase in phytoplankton ssiH e\entually be re 
fleeted in an increase in production at all !e%eU of the food chain on up 
to the top, in this case the carp Although tt is possible to raise carp I'-iih 
no actual feeding whatsoeser if the skater used is sufficiently fertile, most 
successful carp cultunsts do make some use of direct feeding But most 
carp cultunsts also find it advantageous to let their fish take part of their 
nourishment from natural foods There is no economically feasible diet 
fed to carp vshich cannot be improved by the presence of naturally oc 
cumng bottom-dwelling invertebrates In most cases the water used for 
carp culture will not naturally be so nch in nutrients that the numbers 
of these animals cannot be substantially increased by proper application 
of organic or inorganic fertilizers WTiile tins may require some invest 
ment, the amount of money will usually be less than would be spent in 
adding the same amount of nutrient directly in the forni of food 
In certain cases carp may be raised m waters which are exceptionally 
nch in organic nuinenis or, to put it another way, heavily polluted The 
carp perform an additional service by retarding further organic ennch 
ment of the environment For example in Java carp arc confined in bam 
boo cages in rapidly flowing polluted streams They graze on the carpet 
of small worms and insect larvae in the highly enriched water and yields 
of 50 to 75 kg of fish flesh per square meter of surface per year are not 
rare Yields of pond fish are usually expressed per hectare or per aae, 
straight multiphation of the production figures ju» given would result 
in a weight of over 500,000 kg/ha Even with allowances made for the 
fact that a large portion of a running hectare of such a stream might 
not be suitable for the placement of cages this practice clearly represents 
an extremely efficient and ecologically sound use of sewage It is however, 
possible only in fairly rapidly running warm water and is not consistent 
with public health considerations 

A more sanitary method of utilizing carp as sewage converters is to 
grow them in conjunction VMih conventional sewage treatment operations 
In Munich, Germany, the seitled and/or partially treated sewage of the 
city 1 $ diluted and led through a 7 km senes of 4 to 5-ha ponds, each 
cxintainmg about 5000 2 year-old carp which are fattened over the sum 
met on the abundant invertebrate fauna. The annual increment m fish 
flesh IS about 500 kg/ha without additional feeding The net income of 
this now amortized insiallanon owned by the Bavanan Hydropower 
Company js 50 000 DM {about $12,500) Similar installations in Berlin 
Germany, and Kielce, Poland, have produced yields of 800 to 900 kg/ha. 
and ISOO fcg/ha, respectively 

Certain indusmal and agncultural wastes may be similarly used lo 
Czechoslovakia effluents from dames, sugar milb, slaughterhouses, and 
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or augmented fertility of the ^^ater For this reason, supplementary arti 
fiaal feeding is necessary except for newly hatched fry 

In most culture methods food for \ay )Oung fry is produced \siihin 
the pond by fertilization rather chan being introduced by tlie culiunsL 
Notable exceptions occur m Japan, where water fleas (Daphnta) are cul 
tured in ponds pnor to the introduction of newly hatched fry, and^in^ 
India, where young fry are commonly M on \anous U pes of oil cates 
I mi^ w ith nee bran Recent research in India teste d tlie effectnenes s 
pfJ9_carp fry foods fed singly and in combinations of 2, 3, and 4 com 
ponenis The vanous food combinations were compare dln term s~of 
'percentage survival of fry and average growth in minfmeters over a 
15*day penod Of all combinations tested a mixturc-of back swim mers 
(aquatic insects) freshuater prawns and cowpcBS in a 5 3 2 ratio was 
judged best It produced significantly greater growt h than any of the 
other expentnenlal foods, and white a number of oth^CT blends, notably 
a I 1 I mixture of prawms, cowpeas and wheat bran pr oduced higher 
survival this was ofeet by the difference m growth rate _Rcsearch on 
fry foods is m its early stages but some sort of food for newly hatched 
fry may eventually be adopted by carp cultunsis throughout the world 

Sometime within the first three weeVs of life carp fry are-iran sferre d 
ttfTuiSery'c^'rearrng enclosures From then on supplementar y artifioal 
fwding js earned out m all types of intensive culture Th e sheer vanej l. 
of feeds used is bewild enng, but selection of a feed or feeds will be less 
confusing if the cultunst bean two pnnciples m mind 

1 Aruifiaal feeding is a supplement to naturally availabl e food ^nd 
food organisms produced by fertilization of the water Thus food items 
selected should not duplicate the contributions of natural food but 
should compensate for nutrients which are in short supply 

2. TJe goal of feeding is to achieve maximum growth consistent 
with economic ransiderations Toul oists to the cultunst yaU. of course 
b^liigher with feeding than without, but cost per ton may beJower 
with feeding thus enabling the cultunst to realize a greater-profit. 

A third consideration which is beginning to be taken more seriously 
at least in countnes where the rationale for carp culture is not to 
compensate for inadequate protein supplies is the effect of a particular 
feed on the quality of carp flesh produced 

A general index of th e effiaency^f_comersion of a feed into fish 
Resh IS a ratio vanously called the growth coeffiaent, food quotient, or 

nuindv^ratio ■ — ^ 
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Table 3 lists 


weight of food 

food offoh ■ 

the approximate food quotients of 23 types of carp 


feed. 


TABLE 3. FOOD QUOTIE NTS OF CERTAIN FEEDS IN CULTURE OF COMMON 

^ FOOD QUOTIENT 

FEED lTE>i* ‘ ~ 


Fresh silkworm pupae j 3 _ 2 .I 

Dried silkworm pupae j 4 

Silkworm pupae, pressed dry 2 q 

Afyiii dry 2.3 - 4.4 

Chironomids 1.5 

Clam meat 2.0 

Meat powder I .5 _ 1.7 

Dehydrated blood 15 5.0 

Fish meal 2.22 

Soybean cake 2.60 

Barley 2.60 

Oats 7.2 

Wheat flour 2.7 - 2.8 

Peas 20.0 -33.9 

Potato 5.08 

Rice bran 4.22 

Wicai bran 2.13- 2.7 

Peanut cake 5 .O - 5.0 

Lupin seeds 3 .O 5.0 

Soybeans 4 .O - 6.0 

Maize 2.3 

Cottonseed 3.0 

Cottonseed cake 
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protein is comerted into ener^ Feeds rich in carbohjdrates provide a 
more efficient source of energy and free all of the protein to proside for 
growth 

It may be necessary to step up the protein intake in growing large carp 
since the need for protein increases with size Care should be taken not 
to feed too much protein, howescr, for excess amounts smII be svasied- 
Ten to fifteen percent by weight of protein in the diet should be adequate 
for large carp Protein intake of carp may be increased by using feeds nch 
in protein or by fertilizing the water to increase availability of natural 
foods The latter method is ofen economically preferable, particularly 
m countries such as India where all sorts of protein nch materials com 
mand prohibitive prices Whichever method of adding protein is chosen. 
It is worth remembenng the general nutritional pnnaple that a diet i$ 
likely to be better balanced m ammo acids if it contains a vanety of 
protein sources Table 4 lists the percent composition and nutntive value 
ol 37 commonly used carp feeds Other foods sometimes fed lo carp, but 
for vshicli no data are available, include cottonseed, cottonseed cake, sun 
flower seed meal, soybeans sorghum, duckweed fish roe, fish entrails, fish 
meal, clam meat, meat powder, and bnne shrimp (Artemia) 

Maximum food consumption by carp is prodigious, at 25 to 27®C a 
carp IS capable of consuming more than its weight in food daily This 
does not result in great growth, for gorging leads to poor digestion and 
ineffiaent conversion of food The optimum rate of feeding is difficult 
to determine, for it depends on a number of variables, among them the 
type of feed used, the amount of natural food available, and cspeaally 
the vsater temperature. At summer temperatures carp may require 30 
times as much food as during the winter Indeed, during the coldest 
months, long periods of quiescence may occur during which no food 
whateier is taken Thus in temperate climates feeding is intensified in 
summer and may be reduced in vMntcr to occasional very light feeding 
on warm days In the tropics the variation in feeding rate is less, but 
feeding schedules should still tale into account water temperature 
Tables 5 and 6 arc examples of feeding schedules for the temperate 
climate of Japan and the somewhat warmer climate of South China's 
Kwangtung Delta 

Feeding schedules are usually made out on a per day basis, but greater 
effiacncy can be achieved through several light daily feedings than by one 
massive application of feed. On the other hand, frequent feeding has the 
disadvantage of increasing labor costs This problem may eventually be 
arcumvented by use of automatic feeders which can be programmed to 
broadcast speafied amounts of feed at set miervah An improvement on 
this devicx is a feeder being tested at Wielenbach, Bavaria, Germany. 



TABLE 4. COMPOSITION AND NUTRITIVE VALUE 

FEEDS (% DRY WEIGHT)" 

^ CRUDE 

NAME OF FEED PROTEIN FAT 


or PRINCIPAL COMMON CARP 

CARBO- 
HYDRATE FIBER ASH 


Vegetable products 
Groundnuts 
Groundnut cake 
Coconut oil cake 
Mustard oil cake 
Lupin, s^veet, yellow 
Cowpea 
Soybean cake 
Bean meal 
Barley 

Rice (hulled) 

Rice, broken, white 
Rice bran 
Wheat 

Wheat flour, white 
Wheat bran 
Oats 

Maize (corn) 

Maize (fresh) 

Rye 

Italian millet 
Potato 
Sweet potato 
Ragi 


27 

36 

17-21 

31 

42 

22 

44-50 

51 

12- 27 
8 

8 

13- 16 
15 

12 

15 

14 

7-12 

10 

12 

12 

8 

6 

9 


Animal products 
Silkworm pupae 
Defatted silkworm pupae 
Sardine 

Crustacean (Alysw) 
Crustacean (Daphnia) 
Small shrimps 
Snail (rmi/iara) 

Worm (LimoiidrUtif) 
Worm (Tttbifcx) 

Insect (No/onectfl) 

Insect {Chironomus) 
Mixed rooplankton 
« Dash = no determination. 


49 

83 

71 

74 

42 

66 

83 

48 

65 

56 

60 

46 


45 18 

10 32 

7- 16 43-44 

10 29 

6 25 

4 71 

8- U 33 

9 31 

2 77 

2 77 

1 80 

4- 18 43-47 

2 75 

1 87 

5 62 

3 74 

5- 6 81 

5 70 

2 70 

7 75 

<! 84 

2 85 

9 68 

26 7 

2 9 

22 — 

15 — 

7 31 

7 5 

2 — 

24 — 

15 14 

4 24 

2 6 

6 23 


3 2 

_ 19 

8-11 5 - 6 

— 30 

10 2 

_ 4 

6 6 

5 5 

7 3 

7 3 

<1 1 

6- 9 13-15 

4 4 

<1 <1 

12 6 

6 — 

2 2 

2 1 

2 2 

— 6 

3 — 

4 — 

_ 14 


3 

6 


6 

16 

25 
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• 5 rEEDI>C SaiEDULE FOR 


COMMON CARP IN JAPAN 


MONTI tLY 
feeding 

RATE IN 
PERCENTAGE 
OF TOTAL 
ANNUAL 
QUANTITY 


essential 

FOODS 


DAILY 

FEEDING 

frequency 


TIME 
required 
TO FINISH 
FOOD AT 
EACH FEEDING 


January 

February 

March 

April 


WTieat, snail 
pupae, soya 
sauce waste, 
eanhs^orms, 
nee bran 


Within 1 
hour 


h!ay 

June 

4 

15 

Mixed foods 

Pupae as suple 
food, also 

1-5 

5-6 

J5.S0 nun 

July 

August 

September 

October 

20 

SO 

20 

9 

mixed food 
Silkworm pupae 

Silkworm pupae 

Silkworm pupae 
Pupae, wheat, 
bean meal. 

5-7 

5-9 

5-7 

2-5 

15-50 nun 
j5-50min 
l5_30mtD 
15-50 min 

November 

1 

vegetable and 
fish meal 

Once to once 
every 2 

so nun 




days 


December 

0 


Once, or 
every other 



SOURCE Hora 


and Pillay (1962) ladaplrf by Lin (1966) trom Shih 


(1957)1 


"=rr;=-Trrrr=-‘”n 

™t'to feed? Vtot feeding regime « most conducive to proBta 
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operation’ It has already been mentioned that, except in rare cases of 
extremely fertile ^sater it is economic to feed carp The relative merits of 
feeding ^ ersm not feeding can be compared or an economic appraisal of 
vanous methods of feeding can be made if the cost of feed and feeding 
labor and the production of carp per hectare is known Table 7 gives a 
sample comparison of <X)sts and production of fed and unfed carp in 
Israel This type of analysis may be applied to the comparison of any two 
feeding schedules simply by plugging m the appropriate data 


TABLE 7 COSTS PER HECTARE AND PER TON OF COMMON CARP CULTURE IN 
ISRAEL Wmi AND ISITHOUT FEEDING 



YIELD Wnu FEEDING 

YIELD UTTHOUT FEEDINC 


PES IIA 

PER TON 

PER HA 

PER TON 

COSTS 

2 100 KC 

047 HA 

1,000 KC 

1 Oh-s 

Chafes for capital 
imested in ponds 
and fishing gear 

$ 360 

3169 

3360 

3360 

^Vater 

210 

99 

210 

210 

Fertilizers 

«7 

41 

67 

87 

Maintenance 

106 

50 

106 

106 

Feed 

370 

174 

, 


Labor 

286 

116 

150 

150 

Marteiing costs 

52 

lo 

12 

12 

Interest on working 
capital 

5 

2 

2 

2 

General and overbead 
expenses 

10 

5 

8 

8 

Total 

$1 466 

$671 

5935 

5935 


sotucE Tal and Hepher (J966) 


_Pnepiher subject that should be considered in a_disaission of carp 
nutnuo n is food additnes The use of sitamins and addms- es. m 

caip culture rests on the same assumption as thor use jo-humanjiutn 
tion optimum amounts of these substances are not p resen t in normal 
diets Among the classes of addimes which base been giren”to carp are 
viiamins, anubioiics minerals, and tissue preparations '^hor use is 
largely in the experunenial stage, but results are encouraging 

Addition to carp diets of bydrolyred jeasi, neb in srtamins of the B 
and D groups, has resulted in expcnmental yield increases of 16 to 56% 



CULTURE OF THE COMMON CARP 53 


depending on the other components of the diet, while reducing feed ex- 
penditure per unit gain in weight by as much as 15%. 

The antibiotic terramydn, applied at a dosage of 5000 to 10,000 units/ 
kg of feed, has been shown to increase growth by 5 to 25%, with a 10.5% 
saving in feed costs and a higher survival rate of stock. Terxamycin is 
particularly effective ivhen the feed has a high vegetable content. How- 
ever, fish culturists may eventually experience a problem encountered by 
farmers of cattle and poultry who use antibiotics prophylactically. The 
eventual evolution of strains of disease microbes resistant to antibiotics 
has in some cases made disease treatment very difficult and may lead to a 
net decrease in growth and survival- In all likelihood, those fish culturists 
who refrain from using antibiotics, except perhaps as a therapeutic mea- 
sure against specific diseases, will do best in the long run. 

Cobalt, a component of vitamin Bja. when added to carp diets at a 
rate of 0.08 mg of cobalt cliloride/kg of fish/24 hours, or 3.0 g/ton of 
feed, resulted in an increase of vitamin in the liver with an ac- 
companying rise in growth race of 30% in fingerlings and 15 to 20% in 
2-year-old carp. Cost of feed per unit gain of weight decreased by 20%. 
Cobalt chloride may also be added to ponds as a fertilizer with similar 
effects. 

Commercial tissue preparations, made from the viscera of slaughtered 
animals and used as a growth stimulant in warm-blooded animals, may 
also be added to carp feed. Seven kilograms of tissue preparation per ton 
of feed when added to the rations of 2-year-old carp increased growth by 
12.0 to 13.3%. 

STOCKING RATES 

The amount of space allotted to carp in ponds varies with the character- 
istics of the pond, the type and amount of supplementary food given, 
and the size of the carp. Warm, shallow, naturally fertile ponds are best 
for all sizes and ages of carp, but fertilizers may be added. Once fertilizer 
dosages and feed rations have been worked out, the carp culturist's chief 
concern becomes the regulation of population density. Growth will be 
greatest at low densities, but space and labor considerations limit the 
extent to which this principle can be applied. 

A suitable population density for newly hatched fry would of course 
amount to gross overcrowding in adult fish. So it is customary to main- 
tain a series of ponds for raising fish of different ages. Segregation by 
sue not only aids in regulating population density; it equalizes competi- 
tion for food and assures that the somewhat different food require- 
ments of carp at different ages can be met. Ponds may roughly be divided 
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into three categories nursery ponds, rearing ponds, and production 
ponds 

Nursery ponds are the first stop for the ^oung carp after they lease 
the hatching pond and are usually the smallest of the three types of pond 
Small ponds faalitate ecological control and recapture of the fry Depth 
IS usuall) less than 15 m, vnth some ponds as shallow as 0 5 m, to take 
full advantage of the warming effect of the sun Rearing ponds are 
slightly larger in all dimensions but still less than 2 m deep Production 
ponds ma) be of almost any size consistent with effiaent feeding and 
hanest of fish 

In southeast Asia and the Mediterranean area, nee fields are used as 
rearing or production ponds This praciice is becoming less presaleni 
as the use of heas*y machiner) necessitates periodic draining of the fields 
and as herbiades and insectindes are increasing!) used in doses lethal 
to fish A further limiting factor in temperate climates is that the ma^c 
imum size of carp ishich can be produced in so shallow an enclosure as 
a nee field is about 500 g In most European and some Asian countnes 
this IS uell beloiN the accepted minimum marketable size 

The Size, age, and populauon density of carp stocked in ponds sancs 
great!) Table 8 gi\es samples of still ssater pond or nee field slocking 
rates for sesen countnes Prospeciise carp cultunsts are best adsised to 
folioH local custom, at least at first 

The factor limiting the number of carp ishich can be stocked m a 
pond IS not the amount of space asailable to each fish, but the solume 
of s\aler per fish In still vaier ponds, which account for the majoniy 
of carp culture faalities available space and water solume are sartually 
identical but if water is circulated through an enclosure containing fish, 
the solume of water per fish is effectively increased with no change in 
the space allotment 

If Conditions are such that a flow of water through a pond can be 
maintained stocking rales may be far in excess of those employed m sfill 
water For example, in the Philippines running water pon^ are slocked 
with fry at rates of 280 000 lo 850000/ha as compared to 50 000/ba m 
still water, with comparable yields 

Often conditions do not permit construction of a flowing water pond 
A more frequently applicable method of increasing arculauon of water 
in carp culture insolses the use of floating cages as rearing or growing 
enclosures Small cages submerged in sueams liase long been successfufly 
used in growing carp in java and Cambodia More recentl), Japanese 
and Russian fish cultunsts have investigated the feasibility of rcanngand 
grownng carp in floating cages in lakes (see p 559 for a discussion of the 
advantages of cage culture) 
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In Japan, carp fingerlings are stocked in rectangular bamboo framed 
nets, 2 m deep and varying in area from 7 to 81 m®. These nets are floated 
by means of empty oil drums and anchored to wooden stakes driven into 
the lake bottom, usually in about 3 m of water. When stocked with 
fingerlings at rates of 10 to 80/m- and heavily fed, carp production may 
reach 4000 kg/ha. 

Russian experiments in growing adult carp at high densities (50 to 
250/m2) in floats have not been as successful, with growth generally less 
than that obtained at lower densities in still water ponds. Nevertheless, 
experiments in the use of floating cages in all phases of carp culture are 
continuing. 

RECIRCULATING WATER SYSTEMS 

A more sophisticated approach to the problem of water circulation in 
carp culture involves the construction of dosed or semiclosed redrculat* 
ing systems. This approach to fish culture has the advantages of mini- 
mizing the amounts of both space and water needed and of allowing 
nearly complete control over the fish’s environment. On the debit side, 
elaborate filtration and aeration systems are required to compensate for 
the heavy oxygen demand and the large amounts of waste products gen- 
erated by the extremely dense populations of carp. Moreover, although 
the small size of such systems cuts down on the total amount of labor 
required, a certain amount of specialized technical aid is necessary. 

The first recirculating water system used in commercial carp culture 
u^as put into operation in 1951 by I. Motokawa of Maebashi City, Japan. 
In collaboration witli Dr. A. Saeki of the Fisheries Faculty, Tokyo Uni- 
versity, a pioneer researcher in the use of recirculating systems in fish 
culture, he converted a concrete fish pond into a 1-ton tank with a closed 
recirculating system. Dimensions and working capacity are given in Table 
9. 

Water is pumped from the fish tank to an adjoining concrete tank 
for settling out of sediment, then through pipes to one of a pair of fil- 
tration tanks. It is filtered through 60 cm of 1.5-cm diameter gravel 
spread on perforated plastic plate placed 20 cm above the bottom of the 
filtration tank. The filtration tanks are used alternately; the one not in 
use is washed periodically by compressed air passed through the pipes. 
Motokawa later built a 5-ton tank along the same lines as the original. 
Specifications and results of both systems are given in Table 10. When 
stocked with fingerlings at 30 to 70% of total fish holding capacity, pro- 
duction of carp per unit of w'ater utilized reached 400 kg/m-, the highest 
level ever achieved in Japan by any meti)od. 



TAntX 8 STOCKING RATES USED IN CULTURE OF COMMON CARP IW SEVEN COUNTRIES 
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TABLE 9 DIMENSIONS AND CAPACITY OF A ONE TON CLOSED RECIRCULATING 
WATER SYSTEM USED IN CULTURE OF TOMMON CARP 


Dimensions 

Fish tank 

76 5 m2, 13m deep 

Filtration tank 

24 8 m2, 19m deep 

Volume of filter 

92 m® (gravel of diameter 1,5 cm) 

Head of the two tanks 

17 m 

Total volume of water 

205 m3 

Working capacity 

\Vorking area of filtration 

15 m2 

Filtration velocity 

102 m/day 

Pumps 

one 2 KW centnfuga) and one 2 KW ver 
ucal, one 5 HP gasoline engine (for 
emergency) 

Circulation of water 

75 m2yhour 

Working oxygen intake 

220 Iners/day 

Filtration 

830 g/day as N 

Carp reared 

up to I ton 

Carp kept 

up to 6 tons 


SOURCE D«guchi ^1965), quoted in Kuronuma (1966) 


Even more spectacular production of carp with water circulation has 
been achieved experimentally at the Max Planch Institute in Hamburg 
West Germany There carp have been reared and grown in aquaria at 
truly incredible population densities As many as 10 carp have been 
grown in a 40 liter aquanum With rapid water circulation, filtration 
by activated mud supplemented by a constant inflow of freshwater, tem 
perature control and a daily food ration of 3 5% of the fish’s weight, 
growth rates in aquana were 500 to 600 times higher than for camparable 
fish kept in ponds No ill effects due to crowding were observed Com 
parable results were achieved in the Soviet Union by use of heated water 
m a similar recirculating system It is believed that if it had been finan 
cially feasible to build a larger filtration complex, the German system 
could have been operated as a closed system with similar results Figure 
3 IS a diagram of a closed system of the same sort as the semiclosed 
system used at the Max Planck Institute 


selective breeding and hybridization 

We base thus far covered the techniques of spawning hatching and 
reanng carp used by fish cultunsts in maximizing growth, production. 


! 
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TAEI. 10. OETA.LS OF COMMON CARP CULTURE IN ONE-TON AND FXVE-TON 

WATER RECIRCULATIN G SYSTEMS 

— — “■ ONE TON 


Total volume of water (m^) 

Volume of water circulation (m^/hour) 
Oxygen intake (liters/hour) 

Fish tank 

Surface area (m^) 

Depth (m) 

Filtration tank 
Surface area (m*) 

Volume of filter (m^) 

Fish harvested (tons) 

Fish harvested in unit area (kg/m*) 
Period (days) 

Temperature of water (*C) 

Number of fingerlings stocked 
Weight of fingerlings stocked (kg) 
Food given (kg) 

Number of fish harvested 
Weight of fish harvested (kg) 
Number of fish died 
Weight increase {%) 

Food conversion 

Average increase of weight (g) 

Same per day (g) 


FIVE TON 
'280 


75 

135 

2.4 

3.5 

76.5 

125.1 

1.3 

1.5 

24.8 

47.6 

9.2 

28.6 

0.85 

4.12 

11 1 

30.3 

55 

57 

16.3 -27.0 

17-27.0 


1.216 

545 

625 

1,182 

852.2 

34 

57 

2.02 

275 

5.35 


4,370 
2,250 
1,890 
4,308 
4,121 
62 
83 
1.01 
442 
7.75 


source; Deguchi (1966), quoted in Kuronuma (lUbD). 

J , ■ . fi. Another factor which has bearing on carp pro- 

and, ultimately, profit ^"'’'*’^ .^311 this function has also been 
duction is selection however, Ihe professional carp culturist 

the province of the culturist. H laree-scale experiments 

rarely has the time or the facilities o c. ^ .3j^j (jone ijy govern- 

on selective breeding. Such work is it is questionable whether 

ment agencies or other large operators. 

any but the largest producers o ? jt ,,35 been shown that 

own Bsh cousins produces a marked inbreeding 

mating of stbs. half sibs. or ,,,3 53,311 amount of brood 

depression of growth rate and j bteeding is virtually unavoidable, 
stock carried by most cum. f‘;f3,.icc m Israel by the Carp 

Since 1964 tins rationale has been puc 




A Aquorio 
B Cleofing Bosin 
C Aclivoted Mud FiHir 
D Lower Reservoir 
E Pump 
F Upper Reservoir 
6 Healer 


Fic 5 Closed reorcuUting sj-stem 
in cultunng common carp at the 
Planck Insmute Hamburg Germany ( 
ter Mcske. 1968) 
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^ rnrn The upper fish, raised in a 'hMld" pond,> 

Plate 4 Two sibling one-year a/aquanum. weighs 1750 g (Courtesy 

weighs 40 g The lower, intensively cultured in an aqu 

Dr. Christoph Meshc ) 

Breeder’s Union, who forms, thus 

Xw^g^he comte3lLl7urist to devote his total effort to the quan- 

titative aspects of production. .,„r.T.rn»aH thpir liardi- 

Rv virtue of the ease with which common carp aie spawned, their hard 

the species ;-‘>E-“‘*^^'7„;"^Vcen"reLt.ng in the diversity 
nve breeding of carp has gone o differences may still be ob- 

of strains available today. N^ertl , g ^ 

served between the progeny ^^elevant. Further improve- 

so that selective breeding ^i 3 ,,^d strains to combine desirable 

ments may be made by 7°“'"® ^ejis (hybrid vigor). Offspring of suclr 
traits and to take advantage ol Heterosis \ y & / 

crosses may in turn be bred “’'fr^Klective carp breeding, extreme care 
Whatever the means and ends of selective caip b 
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should be taken to maintain the purity of selected stocks The very re 
productive potential which makes the possibility of selective breeding so 
inviting enables one unwanted fish to destroy the results of years of care- 
ful breeding 

Hybndiration among strains and subspecies has long played a part in 
genetic improvement of carp With the development of artificial methods 
of spawning interspecies hybridization is beginning to enter the picture 
Most interspecific hybrids of the common carp arc stenie, but this is not 
so disadvantageous as it might at first appear If adult carp are grown in 
a pond for a number of years, natural spawning may take place Spawning 
retards growili and may result m the introduction of further generations 
of fish to compete for food with the original stock Stocking with stenie 
fish of cQune eliminates this problem 
It should not be surpnstng to leam that the qualities most frequently 
selected for are those directly advantageous to the cultunst, among them 
high fecundity, high viability, good food assimilation, and, m particular, 
rapid growth Mass selection for rapid grouih has gone on for so many 
centuries that there is probably little potential for further improscment 
and such improvement as might occur could only be expressed under 
optimum conditions The tendency to rapid growth is linked with the 
strain known as mirror carp, which has only a few large, scattered scales 
In Europe and Israel this is the roost commonly cultured strain It w 
relatively difficult to spawn howeser Recently young of a strain of blue 
carp (CypTtnus carpio, var cerulea) developed in Poland have also shovm 
more rapid grovs ih than is normal for cultured carp 

One might expect heterosis to be expressed in higher growth rates of 
hybnds, and this is usually the case when geographically remote vaneues 
and subspeaes are crossed Such hybnds are also commonly hardier and 
more viable than are pure strains. Some inierspecific hybnds among them 
mud carp {Ctrrhmus moUtoreUa) X Cyprtnus carpio may grow more 
rapidly than either parent Carp X goldfish (Corossius auratus) is the 
only common carp hybnd which regularly occurs m nature, and is an 
exception to the general rule of stenhty in hybnds Backcrosses of carp ^ 
goldfish with either parent show somewhat better growth than the parent 
fish The hybnd of male common carp with female Prussian carp, Caras 
sins auraius gibelto is known as the 'Savmsk silver crucian” and is re 
ported not only to grow faster than either parent but to mature one 
earlier and to be highly disease resistant "niis hybnd has the added ad 
vantage of feeding almost exclusively on plankton 

Hybnd carp are m general more disease resistant than are pure strains 
Hybndizaiion and selective breeding have also been used to increase 
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hardiness relatise to ensironmental factors Mention has already been 
made of Israeli efforts to dcNelop a more salinity tolerant carp In the 
Soviet Union cold resistance is of equal importance Crossing European 
cultured carp (Cyprtnus carpio carpio) ssiih tlic wild Amur carp {Cyprinus 
carpto haematoplerus) of East Asti produced a cold resistant sariel) 
knoivn as the Kursk carp v.hich Ins made possible the extension of carp 
culture m the Soviet Union as far north as latitude 60®N 

Breeding for quality from the consumers standpoint has lagged behind 
selection for characteristics advantageous to the producer The height 
length ratio has long been accepted as an index of quality applicable by 
both consumer and producer Carp with a high height length ratio sup- 
posedly grow faster and have licticr quality flesh This belief has sparked 
the production of such breeds as the German yitschgrund which exhibits 
height length ratios as high as 1 2 compared to the 1 3 to 1 4 rauos 
typical of wild carp Recently however it has been shown that body 
conformation has notiung to do with growth rate and httle if any con 
nection with quality Thus the only justification for continued selection 
on the basis of body conformation is on economic grounds If a particular 
shape IS more salable than others it is worth breeding for The efficacy 
of even this sort of breeding for shape is qucstionabfe since environmental 
conditions exert such a profound influence on body conformation 
Recent experiments carried out at the Max Planck Institute with the 
aim of selectively breeding carp without intermuscular bones (the small 
often forked bones which make many fish carp included so annoying 
to eat) might indeed tlo the consumer a service as well as increasing the 
market value and salability of carp 
The mirror carp has already been mentioned Two other vaneties with 
reduced numbers of scales have been developed the line carp which has 
one row of scales along the lateral line and the leather carp which is 
almost devoid of scales Selection for few scales has been rationalized on 
the basis that nearly scaleless carp are easier to prepare for the table but 
this advantage is doubtful in a fish vsluch has such large scales m any 
event Be that as u may in Europe the scalelcss vaneties of carp are 
considered supenor as food All three varieties bring better prices than 
scaled carp but most cultunsts concentrate on the mirror carp v\hich 
grows faster and is more viable than hne or leather carp and unlike 
them breeds true Scaleless carp were not introduced to Asia until this 
century Although they have not done well at low altitudes in the tropics 
they have proven superior to the scaled varieties at high altitudes Tli^ 
Asian consumer however is as prejudiced against mirror carp as his 
European counterpart is against scaled carp 
Before leaving the subject of selective breeding mention should be made 
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of the fancy and colored varieties of carp which have been developed in 
China and Japan. Among the colors which liave been produced are gold, 
lemon yellow, orange, rose pink, blue, dark green, and gray. Colored carp 
are used mainly for decorative purposes, but in recent years some of 
these colors have been used as genetic markers in experimental carp breed- 
ing. 

Selection and hybridization for resistance to cold are not the only 
methods available for increasing carp production in temperate climates. 
In the Soviet Union carp are reared in floating cages placed in cooling 
reservoirs of power stations. These reservoirs receive effluents 10 to I5®C 
warmer than neighboring natural waters. When mixed with river water, 
the resulting temperatures are often within the optimum range for 
growth of carp. Even in midwinter the temperature of these reservoirs 
may be above 20®C. Before this practice was adopted, carp culture in 
floating cages was limited to the extreme south of the Soviet Union. Now 
it is practiced wherever thermal waters are available in central Russia. 
Yields compare favorably with, and in cold summers surpass, those 
achieved in ponds. 


POLYCULTURE 

Dramatic increases in yield of carp ponds frequently can be obtained 
through polyculture {rearing of several species together) to make more 
efficient use of the total pond environment. Chinese fish culturists, who 
use common carp as one of a complex of species, have developed this 
method to an art. (For details see Chapter 3 on Chinese carp culture.) 
Even when monoculture of common carp is intended, the culturist may 
find it advantageous to stock one of the Chinese species, the grass carp 
{Otenopharyngodon idelUts), if dense growth of weeds, which has been 
shown to adversely affect growth of common carp, becomes a problem. 

Polyculture of carp is not as well developed in other parts of the world, 
but encouraging results have been obtained in the Soviet Union from 
raising common carp with Cyprinus carpia X crucian carp (Carassitis 
carassius) hybrids, goldfish, bream {Abramis brama), and sterlet (Acipenser 
mthenus). In Yugoslavia carp arc reared together with tench {Tinea 
tinea). Tench compete for food witli carp, grow more slowly, and reach a 
much smaller size, thus although they bring a high price, the economic 
feasibility of culturing carp and tench together is doubtful. Carp are 
commonly reared with roach {Rutilus rutilits) in France and experimental 
polyculture of carp with mullet and Tilapia is going on in Israel. 

An aspect of polyculture that has developed chiefly in Europe is the use 
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of predatory 5sh in conjunction \Mth carp raised in ponds v.hich support 
populations of trash fish or Vkherc v.ild spasvning of carp takes placc- 
The predators control the population of potential carp competitors and 
are esentuall) harsested svith the carp The traditional fish for this 
purpose IS the pike (Eiox fuctiu) The rainbov. trout (Satmo gairdneri) 
imported from America has tsso adsantages oser the pike Unlike the, 
pike It inhabits the open vsaters of ponds as v.cll as shorelines and weed 
beds and it brings a better pncc than pike Use of rambois trout in carp 
ponds IS limited by oxjgen supply, the) require at least 50 ppm of 
dissohed Oj Russian fish cultunsts report 25% increases in carp )aeld 
through use of another American predator, the largemouih bass (Aficrop' 
lenis salmoides) Vihich like the pike is a shoreline dweller Among the 
natise European fish that ha\c been more or less successfully used as 
predators in carp ponds are common whitefish (Coregonus lavaretus) 
pe\ed {Coregonui peUd) brown trout (Salmo tn/tta) English perch (Fercc 
^uwflfi/») and pike perch {Luaoperca fucioperca) 


YIELDS OF COWfOy CARP CVLTVRE 

Most of the techniques thus far discussed base been descloped for the 
purytose of reahang the carp cultunsts pnmary goal a high jield of 
carp per unit area of water Just what commutes a high )ield s-ancs 
with localii) and t)-pc of culture Table 1 1 lists actual yields achieved by 
sanous culture methods m sanous countries 


HARVESTING 

Carp are hanested by draining the growing pond or b> use of a sene 
or cast net. Cast nets are preferred for harsesung small quanuties of fish 
since they can be operated by one man Sexung requires additional 
labor and iC the pond to be seined is large the use of a small boat. Sire at 
harvest \anes according to focal custom In Indonesia, carp as small as 
008 to 0 15 kg are not only accepted but preferred for table use. On th^ 
other hand in most European countries 1.2 kg is omsidered near the 
minimum marketable size. In general Asian consumers svjll accept smaller 
fish than Europeam but the carp cultunst should ascertain local pref 
erence before scheduling for harvest. 

It IS good practice to penodically harvest the largest, fastest gro^ng 
fish m produrtion ponds This not only gives the cultunst a constant 
source of income but serves to ihin out the stock thus improving the 



table 11 YIELDS or COMMON CARP CULTURE IN VARIOUS COUNTRIES 


COUNTRV 

OR AREA 

CULTURE METHOD 

YIELD (KC/HA) 

Czechoslovakia 

Growth in ponds with ducks 

500 


Europe 

Natural growth in ponds 

25- 

400 


Growth in ponds with feeding 
Intensive culture in ponds 

100- 

1,500 

400 

IVest Germany 

Growth in sewage treatment 
ponds, without feeding 

500- 

900 

Guatemala 

Intensive culture m ponds 

4,000 


Haiti 

Government hatdienes 

Farm ponds (subsistence culture), 
usually without feeding 

2,300-f 

550 


India 

Natural growth in ponds 

Growth in ponds with manage 
ment 

400 

1,500 


Indonesia 

Intensive culture m ponds 

1,500 



Growth in cages in polluted 
streams wiUiout feeding 

500.000- 

750.000 

Israel 

Intensive pond culture of minor 
carp 

1.500 


Japan 

Growth in irrigation ponds (low 
fertility) 

Growth in irrigation ponds (me 
dium fertility) 

Growth in irrigation ponds (high 
fertility) 

Growth in irrigation ponds with 
very heavy feeding 

Intensive culture in ponds 

76 

180 

490 

5.000 

5.000 



Growth in running water ponds 

400,000-2,000.000 


or streams 

(depends on 
velocity of 
water) 


Growth in nee fields 

Rearing m floating cages 

Rearing in dosed rearculating 
systems 

700- 

4 000 
4.000 000 

1,200 

Nigern 

Commera'il culture witli femli 
ration and feeding 

371- 

1,834 


G7 
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TABLE 11 (contjnued) 


cocvrav 




OK AREA 

CULTURE METHOD 

YIELD (KC/ILA) 

Philippines 

Iniensne culture in stagnant 

5,500 


ponds 

Intensne culture in running 

80,000 




water ponds with hcas'y feed 
mg 



Poland 

Growth in sewage treatment 

1,300 



ponds, without feeding 



UAR. 

Expenmenul culture in ponds. 

2,500 



with feeding 



bniied States 

Intensive pond culture with in 

SH 


(Alabama) 

organic fertiltmion, without 
feeding 


1.930 


Intensive pond culture with m 

794^ 


organic fertiliiauon and feed 
ing (not economically feasible) 


200 

U.S^R. 

GroRTh in nee fields 

150- 

(Ukraine) 

U.S^R- 

Expenmental culture in ponds 

50 



IQ peat hags (unfeniJized) 
Expenmenut culture in ponds 

250- 

soo 


in peat hags (fendued) 

Pond culture on collective farms 

200- 

500 

Yugoslatu 

Culture in ponds, without feruJi 

780 



ration 


2.000 


Culture in ponds, with manure 

uoo- 


added 





conditions of gros^ ih for stock remaining in the pond Seines are preferred 
to cast nets for this purpose, since it is easier to son fish in a seme 


TRANSPORT AND MARKETING 

In Asia carp usuallj are sold Ine and ma) pass directlj from producer to 
consumer Iced or dned carp also are sold, but live fish bnng a big^^ 
price, particular!) in tropical areas, sshere preservation is a proW^ 
Marketing ma) consist simpl) of djsp]a)ing the fish in cages placed io 
the grossing pond or in small, shallosi ponds nearby 

Where it is necessary to trampon the fish lo market tanks mounted oo 
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vehicles are used Although carp are not as resistant to crowding as certain 
Asian fish which have accessory breathing organs, they are hardier than 
most fish and may be transported m closed containers under semicrowded 
conditions In Israel it is recommended that adult carp be shipped m tank 
trucks mall ratio of carp to water Up to four times as mudi water 
may be required at high temperatures If crowding in transport is neces 
sary, aeration by means of a pump or oxygen cylinder is advisable In 
regions which have extensive inland waterway systems, oxygen problems 
are solved by transporting carp in streamline shaped cages suspended over 
the side of boats, thus providing a constant exchange of water as long as 
the boat is in motion 

At the market, carp are usually kept m cement cisterns about 1 m deep, 
which may be supplied witli a crude running water system A 3 m X 2 m 
cistern with running water is satisfactory for up to 300 kg of carp If the 
fish are to remain in the cistern for more than one day, they should be fed 
Thus maintained in clear water and fed regularly, they soon lose any 
‘muddy taste acquired in pond life 

Some carp are sold live wherever carp are cauglu or cultured for 
human consumption, but in Europe there is a greater market for 
processed carp The oldest method of preservation is to salt the fish and 
dry them in air Dried fish is often sold as a snack, to be eaten without 
cooking Carp is also sold as fresh or frozen whole fish or fillets or in 
cans In the case of canned fish, the producer usually sells to a processor 
rather than to a retailer or consumer Carp destined for canning may be 
cut up and processed as is, in which case it requires cooking before eat 
mg, or u may be fried or smoked prior to canning A common canned 
fish product is gefilte fish, favored by Jewish people tliroughout the world 
The preferred fish for this dish is whitefish {Coregonus spp), but as stocks 
of whitefish have become depleted in many countries, carp has increas 
ingly been used for this purpose 


PROBLEMS or COMMON CARP CULTURE 


Diseases and parasites 

We would be remiss m our discussion of culture of the common carp if 
''c did not mention some of the problems the cuUunst may encounter 
Some problems hive alreid) been discussed, including methods of com* 
pensiimg for a sterile environment and means of controlling or eliminat 
predators, competitors, excess plants, and Saprolegnta on eggs 
Tile carp cuUurist should also be prepared to cope with a number of 
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diseases and parasites ol carp Among ilie disease and parasites allliciing 
carp arc Argulus, asates disease, boUmoccphalosis, car^oph^Hosis, chilo- 
doncllosis, cocadiosis and cocadiosal cntentis, dacijJogyrosis, Jehtby 
ophl/iiriui (someiimcs knoisn as Icli ), mfccitous air bladder disease 
infectious drops) or red spot disease, infectious gill necrosis, philomeirosis 
Prjmnenum, and sangmnicolosis Some of these arc curable and most 
are susceptible to treatment to prevent tlieir spread (For specifics of 
diagnosis and treatment, the reader is referred to Culture and Dneaset oj 
Game Fishes b) H S Davis ) 

The carp culiunsi wishing to preside an ounce of prcscniion will 
do well to use disease resistant strains of fish if the) arc asailable, dram 
ponds which are not in use, maintain good water circulation, liandic all 
carp carcfull) so as to asoid mjur), asoid unnecessary mixing of stock or 
introduction of wild stock, feed an adequate diet, and to do whateser 
else is conducise to keeping the stock m good condition In some instances 
eradication of spcafic disease hosts ma) also be undertaken as a presentns 
measun*. 

SOCIOECOSOMIC PROBLEMS 

The feasihilit) of caq» culture m some regions particular!) the United 
States and Canada, is reduced b) the presence of a complex of attiiutJ® 
onl) partiall) attributable to the cirp Carp were introduced to th* 
United States in 1877 attended b) a great brouhaha of publicil) anent 
their \alue as food fish About that time, high ranking fisficr) official* 
went so far as lo suggest that ibe carp was so desirable that it might be 
adsisable to eradicate some undesirable’ naiise speaes. for example 
the largemouth bass and the northern pike Tlie apostles of the 
seem not to hate considered the differences between American an 
European conditions In North America human population dcnsit) 
low comjjarcd to Europe, land was plentiful, and farming of nianitnali^ 
and avian stock together with freshwater and saltwater fisheries prondro 
for a supply of protein far more abundant than that of an) Europe^** 
country Tliere was simply no incentive for the intensive culture of carp 
The enthusiasm accorded the fmi introductions soon v.aned, and 
1896 the Fish Commission ceased to import, distnbute, and stocs 
carp 

But the carp had gained a foothold Escapees from private 
populated those waters where carp had not been deliberate!) mtroduc 
Toda) Cypnnus carpio inhabits 46 of the oO states of the United 
as ss'eH as the more southerly portions of Canada Left to fend for 
selves they quickly reverted to the wild strain without a thought 
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the labors of the European fish culturists who had painstakingly developed 
the breed. Carp cauglit in Nortli America are usually scaly, extremely 
bony, coarse-textured fish with a poor height-length ratio. Sport fisher- 
men, who comprise a much larger segment of the population in the 
United Slates and Canada than in Europe, found these fish a far less 
attractive quarry than the native game fish. Neither did they appreciate 
the table qualities of the wild carp. 

As the human population grew, attendant pollution, silcation, and 
overfishing decimated game fish stocks while the carp thrived. Anglers 
had noted the carp‘s habit of raising small clouds of mud while in- 
dustriously rooting in the botton and in short order the nuisance became 
a villain, accused of increasing turbidity, destroying aquatic vegetation, 
and preying on the spawn of game fish. With the designation of the 
carp as the scapegoat for the sins of man in the decline of sport fisheries 
its rejection was complete. 

Price and prejudice went hand in hand, so that today in Nortli America 
carp bring only a third the price of such comparable “rough” fish as 
buffalo fish. Some carp are marketed by commercial fishermen, but sales 
are virtually limited to the poorest members of society. 

With the continued eutrophication of American waters and the pre- 
dicted narrowing of the gap between protein supply and demand, sport 
and commercial fishermen, fish culturists, and housewives may all have 
to reconsider the carp. For the present, however, carp are scarcely con- 
sidered edible in North America and their culture is not economically 
feasible. 


PREREQUISITES FOR SUCCESSFUL CULTURE 
OF COMMON CARP 

The common carp remains the easiest of all fish to culture intensively. 
Eor this and other reasons it is also one of the best fishes for culture in 
many countries. Commercial culture of carp is likely to be feasible if the 
following conditions are met; 

1. There must be a market for carp. This may be a mass market, as 
m countries where carp are traditionally eaten, or a specialty market, as 
jn Guatemala where a small European population sustains a successful 
carp culture enterprise. 

2. There must be an economical means of getting live or iced carp to 
market or a suitable means of preservation for shipping. 

3. The carp culturist must begin witli stock which is both adapted to 
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„..o some cnrp m . ..nglc „ p.rt.c*' 

cultur.su uho use .r p„nd or |K.ncU tor spauTt.Ttg. 

i:r --- -- 

must be nn cco..om.c.rl mcuus ot fcr.iI.r.uK tben. 

7 Uulcss the ts-rters to be used are eK.ren,el> ferttle. ca p 

be asaulable a. a reasonable pnee .satiable at motlcraie 

8 There must be an adequate suppi) ol usetl, eta 

cos. II .ndttcetl spatsn.ng or a ^^s.se unsl.Het' lal«' 

plo)ees must base some tecbn.cal traintug O.bcns.se 

"'^’suirteten. eap.tal must be asa.lable to meet .be .ntbal eM>enscs lor 
siocV, feed, equipment, and so on 


be sold 


COMMON CAItr IN SUBSISTBNC.C AQVACVLTVRC 

Most ot .be loregotUK cond.t.ons assume tbit “'p'alU't’' ” 

Carp also play a role lu subsistence aqtntul.ure uhete 

absolutely necessary is a source ot stock and a (erti e > j ,s being 
they may be Held and barses.etl Tmlay subsistence ,„e fob 

promoted cbieny in Africa and Latin America cosernnien' 

most frequently adsocatesl. but in Ha... carp is me^ 3 „d 

hatcheries do the actual culturing, attaining yields o - 
more Young carp arc distributed '» email f”™'" '' „mply s'a‘> 

ponds, usually less than 100 m' and 50 cm to 1 m tie p, ^ g 

until they reach barsestablc sire Without feeding „pnt of P'O""' 
Months It ssould appear that a considerable local enbancemen. P 
supply »s achieved in tins manner 


:ted 


prospectus „ pee ‘'“ 

Culture ol the common carp for subsistence and P™']' ^’'^j^rchets anJ 
to increase m importance and efliaency for some tim 
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cuUurists all over the world, particularly in the Soviet Union, Poland, 
Hungary, West Germany, Yugoslavia, Israel, Japan, mainland China, 
and southeast Asia, strive to improve their techniques For the foreseeable 
future the common carp will continue to be one of the chief suppliers of 
fish protein to man and an mcre;isin^ proportion of that protein will come 
from intensively cultured carp 
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Plate 1. Pol^culture fnh pond* in Kwangtang Provmte in wmhtm China (CouTlf*y 
F. Anilcrcgg) 


BASIC PRINCIPLES OF POLYCULTURE 

The People's Republic of China leads ihe world in the production, 
through culture, of freshwater fish (Plate 1). In 1965 estimates of 
harvest ranged from 1.5 million to 3 million metric tons As early as 
Chinese authorities claimed an average individual yield from pond cu 
ture of 7500 kg/ha. These estimates may be inflated, but yields of that 
magnitude are achieved in more than a few ponds. In the last 10 
production per hectare has almost certainly increased greatly, fof ^ 
innovation of artificially induced spawning, which has advanced^ 
culture throughout the world, was particularly beneficial in the Chines^ 
situation. Thus the great productivity of Chinese freshwater fish cultu^ 
is in part due to modern tedmological innovation as well as to the tr^^ 
mendous effort put forth in recent years by the Chinese people 
equal importance is the applicaUon some 1000 or more years ago oi 
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(a.d. 618-904) the Chinese, who had been in me nsu 
some 10 or 20 centuries, recognized that: 

1 A body of water is a three-dimensional growing space To treat it 
like a held, by planting only one kind of crop, is likely to result in wasting 

‘''ITrtaUrpond'will produce a number 

organisms. However, most hsh are not space but L 

in their diet. Thus stocking single species wastes not only space but 

In other words, the Chinese greatly increased the efficiency of hsh 
culture by applying to tbe pond microcosm the To^ssure 

on higher aquatic plan s; basic community. If 

carnivorous bottom dweller will be ad predator mav be in- 

trash hsh or excess young hsh inhabit the ,P°" ’ ^ j j Qbjna, but is 

eluded to control them. This latter practice is not general m China, out 

quite common in Cambodia and Vietnam. 

HISTORY OF THE CHINESE CARPS IN FISH CULTURE 

One might suppose that the practice of “VlthelfbuTthfs 

have spLd fr'^L China or ^c^^Th^^ - 

has rarely been the case. The spread of t • * cmwn them In 

effectively blocked by the 7Z unA.r\u. 

rdUiomlf^SVarlld^igh population density P-^-^ m frosh 
water pond hsh culture, their gonads would f 

been shown that they will ^ „ere long Lited to wild 

spawning almost never ^ ^ Chinese carps was limited 

fish as a source of stock and the spread Nevertheless 

by the available means for 4^ years a^o brought with 

Chinese farmers who settled on Taiwan 3 mms even thouch 

them the practice of P™** Vrt namral popuHtions, thus fry 

there were no rivers large enough to suppo t ^ rhinese 

had to be imported annually. « “j't* 

mainland. Chinese rarps were also ^ p .feveloped. Some 

Asia, where local adaptations of the Cliinese nicu o , 
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of ihe Chinese carps svcre imported to Japan, but monoculture remained 
the dominant practice there 

Neither Chinese fish nor the concept of polyculiure found tlieir way 
to the West until recent years Perhaps improvements m communications 
have had something to do with the recent Western interest in polyculturc, 
but two other teclmological advancements have had great effect 

Improved means of transporting fish over long distances were largely 
responsible for the successful introduction in 1949 of grass carp (Ctenoph 
aryngodon tdellus), silver carp (Hypophthalmichthys moUtrtx), and big 
head (ArisUchthys nobtUs) to the Soviet Union and subsequent successful 
transplantations 

In the 1960s development of techniques of mduong spawning of Chi 
nese carps by hypophysation eliminated dependence on wild stocks 
Withm the decade various members of the Chinese carp complex became 
the subjects of expenmentation and acclimaiiration m a number of 
western countnes, including Bulgaria, Czechoslovakia. France, Hungary 
Iraq Israel, Poland, Rumania, the United Arab Republic, the United 
States, West Germany, and Yugoslavia More important, the ancient 
Chinese concept of polyculture is being considered wherever fish arc 
cultured 

The dtsiinciions as to ecological ntclie among the Chinese carps 
not hard and fast For example, examination of the stomadi contents of 
those speaes which are considered zooplankton feeders often reveal* a 
preponderance of phytoplankton Nevertheless, there is enough vanatmn 
in zone of habitation and/or feeding habits to justify the accepted clas- 
sification of pond fish into groups, even if centuries of expcnence had 
not proven it a useful tool 


SPECIES USED 


PLANKTON FEEDERS 


The most commonly stocked phytoplankton feeder is the silver carp 


which will also accept such artifiaal feeds as bean meal, rice bran, 


and 


flour In Vietnam it is said to be replaced by the ca duong 
mtchlhys fiormandi) which may be identical Another phytoplar^*-**^ 
feeder sometimes grown in Malaysia is the sandkhol carp (Thynnichlf!)^ 
sandkhot) The classical zooplankton feeder for pond polyculiure is tb^ 
big head, which, although perhaps a more effiaeni feeder on zoopla*’^^®^ 
than the silver carp, may cake the bulk of its nourishment from 
plankton Another cypnmd routed to be a zooplankton feeder is 
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ma lang yu {Squalhbarbus curriculus), sometimes used in. polyculture in 
South China and the Indocliinese Peninsula. A less specialized midwater 
feeder, which consumes both phytoplankton and zooplankton, is the ca 
choi (Labeo collaris). 

There has been some speculation as to how a fish might select a particu* 
lar type of plankton. The most likely way is by means of the gill rakers, 
but visual cues or vibration patterns received by the lateral line could also 
be involved. All plankton feeders have extremely long, fine gill rakers, but 
these are especially well developed in the silver carp, suggesting that 
it is capable of more selective filtering than other plankton feeders. Some 
observers, however, are of the opinion that silver carp do not select for 
phytoplankton but that zooplankton are crushed by the pharyngeal teeth 
and digested, so that no trace of them is found when the digestive tract 
is opened. Whatever the degree of selectivity among plankton feeders, 
the practice of stocking silver carp and big heads or some similar combina- 
tion is firmly entrenched in Chinese fish culture and yields good results. 

herbivores 

Silver carp may also consume some higher plants, and in South China and 
the Indochinese Peninsula the ca ven (Megalobrama bramula) is stocked 
as an herbivore, but by far the best known and most widely cultivated 
macrophyte feeder is the grass carp. The grass carp is not an obligate 
herbivore; indeed it will eat almost anything including decaying clothing, 
but it does prefer vegetable food. (The U.S. Warm-Water Fish-Cultural 
Laboratory at Stuttgart, Arkansas, disputes this general assumption, and 
classifies the grass carp as an "opportunistic” feeder.) Higher plants are 
usually absent from ponds used in intensive fish culture, but so voracious 
IS the grass carp that even if they are present supplementary feeding is 
necessary. Offsetting this expenditure somewhat is the nourishment that 
omnivorous bottom-feeding fishes derive from the partially digested plant 
remains in grass carp feces. 

Despite its extreme voracity, sensitivity to noises (which may lead to 
such behavior as leaping onto the bank), poor growth in water below 
14®C, and bad reputation as a spreader of parasites and diseases, the grass 
^rp is an extremely popular pond fish and the only one of the Chinese 
carps to find use outside the traditional framework of poljculture. The 
predilection of the grass carp for vegetable food has led to its use in weed 
control in ponds. In cold climates, as in Germany, the feeding rate of 
grass carp is so low that their effect on aquatic plants is negligible. In 
warmer climates, however, they have been found quite effective in con- 
trolling weeds while at the same time adding to the productivity of 
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TABLE 1 STOCkINO RATES OF CRASS CARP FOR WEED CONTROL 


COUNTRY 

Japan 


Rumania 


SIZE OR ACE 
OF CRASS CARP 
STOCKED 

Yearling 

Yearling 

Yearling 

Yearling 


STOCKING 

RATIO 

19/ha 

55/ha 

50/ha 


500-800/lia 
follouetl b) 
200-500/ha 
in one )car 
if not 1007 ^, 
eradication 


rFFECTiyX-NESS 

None 

70% eradication of extremely 
heavy weed growth in 1 ye^r 

100% crTdication of sub- 
merged and floating pl^n^s 
in 1 year, no effect on mar 
ginal plants 

100% eradication in 1-2 years 


United States 
(Arkansas) 


5 years 
4 years 
5- 4 years 
30-40 cm 

30-40 cm 


80-150/ha 
30- 50/ha 
160-240, ha 
50-100/ha 

1,700/ha 


Control 

Control 

100%, eradication 
Cotilrol ol Chsra and p>:ii 
weeds 

100%, eradication of 

merged plants in 6 weeks^ 


ponds containing other species of fish and invertebrates 


Table 1 


sample stocking ratios of grass carp for weed control . 

It can be seen that m svarm climates grass carp, if stocked 
enough are very effective in controlling submerged and floating '€g 
tion but are of doubtful value against marginal plants The Arka 
experiments involved 12 species of plants, all of which were eventua 
eaten, but there was a definite preference for the softer varieties 

The use of grass carp in weed control entails the risk that they ^ 
escape into natural waterways and destroy valuable plants 
since there are few comparable herbivores among the worlds “ gj 

and since grass carp are a good deal cheaper than chemical or media 
methods ot tteed control, thetr use vtdl probably become , 

Another fish that may find favor in this regard ts the tanes (Barbus g 
onolus). "hich, though considered a second rate food fish, is used m po ) 
culture as well as weed control m southeast Asia 
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BOTTOM DWELLERS 

Plankton feeders and herbivores are virtually universal in pond polycul 
tu e but bouom dwelling carnivores and omnivores are not always used 
Many Asian ponds are fertibred so heavily that the -u -g 
bloom effectively shades the bottom, so reducing productivity in that 
“ne as to r greatly Hsh populations there Where conditions permit 
r stockmg of benthic fishes die native Chinese omnivore is the mud 
carp (Cm limns mohtorella). but it is often kept in ‘ ^ 

supplanted by, the common carp, particularly in northern China In ad 
diuon to being more resistant to cold, the common carp is easier to spawn 
“^es alrger size On the other hand, the common carp is a rath r 
energeuc feeder Md when densely stocked in ponds may substantia y 
mZse the turbidity by its actions High turbidity - -- f 
fish ponds and is particularly unfavorable lor "3 

despue Its name, does not root m the bottom 
picu us food from the substrate rather damtily It s also 
Lperior table fish to common carp A third “'P 

(cLsr.us carassms). imported from Europe, is P"" 

cipal advantage lies in us extreme hardiness with respect to 1°^ temp ra 
tures and dissolved oxygen concentrations, it ^ to 

It IS impossible to grow other fish However, in " nee 

bottom It may compete for plankton with silver carp “"“l 
us flesh IS of poor quality and the market price 
should not be used if more desirable species are 
rous cyprinids cultured in southeast Asia 

duced to China include the belinka {Barbus behnka). he lanipa. {B^^s 
sdiwanen/ddlO. the mata meral. {Barbus orpho.des), and the tambra 
(Labeobarbus tambroides) 

The usual carnivore for pond culture is the black carp or srad carp 

: “xrrj »7'» 

black carp is the largest of the Chinese ^-^ing >“^bs f “P to 

180 cm, It is not highly esteem^ -,:,f;f,t"ntbr- 

from China The favored food of bHck carp is moi , 
culturists sometimes collect snails and clams to feed ‘b""’ 
conditions are right they require bttle supplemental feedmg^^^^^ 

u Ins been succested tint black carp could be used to control smil p p 
U ins ueen suggcsicu ui« for food with herbivorous fishes 

hiions in ponds where snails compete tor looa wuu 
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A more generalized carnivore, the bream (Parabramts pekinensis) « 
grown m some ponds Some authorities consider the bream an omnnorc 

PISCIVOROUS FISH 

Of die 20 or so species oi cypnnids commonly used in polyculture in 
China and southeast Asia, only the bream, common carp, crucian carp, 
and lampai (Barbus schwanenfetdit) will spawn in ponds without human 
intervention If any of ihese species are present, undesired spawning 
may occur in growing ponds, in which case a predatory speoes may be 
introduced The same applies to unwanted species such as goldfish (Caras 
sius auralus), which often find their way into carp ponds When predators 
are used they are usually readily available native fish, such as bass {Ser 
ranidae), catfishes (Clanidae and Silundae) or snakeheads (Channidae) 
Other predators used m culture of common carp are listed on p 


COLLECTION OF W/LD STOCK 

COLLECTION OF EGGS AND FRY 

The classical method of obtaining stock for pond culture in China in 
volves capture of eggs or fry from risers, and some wild stock is still 
distributed The Chinese carps spawn in the swift waters of large risers 
usually in the spring, although grass carp and mud carp may spawm 
through the summer Considerable quantities of eggs and fry are often 
found drifting with the current, particularly during periods of high 
water, and fry dealers on the Yangtse and West rivers Uke adsantage of 
this fact A fry collecting station consists of 10 to 20 rows of wooden 
frames, 10 ra high by 30 to 50 m wide, to each of which are attached 10 to 
15 fine mesh conical bag nets about 5 m long lapenng from 4 to 5 m wide 
at the mouth to 1 to 1 5 m at the cod end, where a receptacle of finer 
mesh, about 120 cm long, is attached The entire net is floated by means 
of a wooden framework around the cod end and a wooden pole inserted 
into the bag A semicircular wooden trough may be used in place of the 
bag net, with the same sort of receptacle at the cod end Captured eggs 
and fry are transferred by dip net into live wells suspended from the 
frame, then taken ashore Similar methods are used in collecting fry 
fiypophthalmtchth\s harmandi, Labeo coUarts, Mylopharyngodon aetht 
ops, and common carp from the Red River of Vietnam 
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HATCHING EGGS 

If the catch consists of eggs, they are tt^nsferred “ 
cloth hatching boxes, tvhich are anchored >" 

the river, often near the moudi of a small tributary, where the 

later is dearer than in the main d--'' Toxes fo 
in favorable weather. The newly hatched larvae are kept m the boxes 

3 days, then sorted for distribution or stocking. 


SORTING FRY 

If the catch consists of fry. they are sorted J^'/^ck 

demand in China is for big head and grass carp, bnt ^ 

carp, and mud carp are also highly valued. Common ^ 

less valuable but are usually retained for P°"‘i '‘“’'‘"S- 

kept, not intentionally, but “ ^ors aid" “other extraneous hsh 

guished from common carp. Fry of preaators 

A preliminary check of species composition is made at t 
of the catch is placed in a white enamel dis * . ^ ^ j^in 

cemage of each species present is estimated ’;‘*}’dly. Ac ortog to Lm 
(cited in Hora and Pillay, 1962) the characteristics listed in Table 2 are 

"m^SidentiBcation occurs at tbe 

the catch are placed in bowls of clear TheHixed catcb 

and the percentage composition of the catc 

may be sold directly to fish cuUurists or the ry may ’ 

•fhe first step in sitting involves pouring the catch ‘>;™ugh ajarge net 

suspended and partially submerged in a ^n . the catch 

are picked out by hand. Preliminary sorting is done bV pa-mg the catch 

through a set of 20 or more sieves. At a given time 

ticula? species have a charactens.m sir. » "^Tr^olrlndlirlH: 

ss - -i 

‘"n^I re’'irtlc"tlnsferred to a tall sorting basket. Within 

the fry sort themselves out into layers; silver carp 

the surface; grass carp, 'i-'V 

%!“ lllanmd fill present. These will usually gather at the sur- 
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TABLE 2 mSTINCUlSlUNC ClfARACTFRlSTlCS OF SEVEN SPECIES OF CHINESE 
CARP FRY, AND THE PREDATOR StmpeTCa cllUOtSt 

Silver carp {Hypophthahmchthys mohtux) always swimming in the upper laj-er 
of water with occasional stops while swimming, head small, inicrorbitaf spa® 
narrow body sJiori with small roundisli air bladder color dark gray, not as 
transparent as the big head 

Big head {Aristichlhys nobths) swimming in a slow and steady manner, a<r 
bladder roundish, body long and robust, head and eyes large 
Grass carp (Clenop/taryngodon tdellus) swimming in the middle layer of water 
with occasional pauses, color dark, eyes medium, air bladder small, roundish, 
body short, tail pointed 

Black carp {Mylopharyngodon piceus) swimming like the grass carp, air bladder 
long body long, eyes large, head depressed, irrangiilarshaped 
Mud carp {Ctrrhinus motilOTella) swimming in a shiggisli manner near die bot 
tom or along die edge of the dish, eyes small, roundish, body small, slender, 
pinkish m color, a spot on the tail 

Mandann fish (Siniperca c/iuatsi) (a predator) swimming at the bottom» usoaJly 
10 to 20 mm m length, mouth large, color dark 
Common carp (Cyprinus carpio) and goldfish (Corajiiw jurahti) color dark, 
body short v,idi long dorsal fin, fry 6 or 7 days after hatdnng 5 mm long vnth 
a black speck at the bise of the tad fin 

Bream (Parabramif pekintnsts) swimming m the middle layer of water, color 
dark, a dark speck on front pan of dorsal fin, active fry 


face and can be skimmed off separately The reasons for this natural 
sorting are not clear but apparently involve differences in oxygen require 
ments Once the fish have sorted themselves out they must be separated 
rapidly to avoid death of fry due to lack of oxygen t 

Separation of species which occupy the same layer is difficult at the fry 
stage, but silver carp and big head are usually sorted out as much as 
possible This is done by plaang them in one pan of a partitioned pond 
for a day Then a seme is dragged over the top 5 cm of water Seining 
in this manner will produce only silver carp, which are placed m another 
section of the pond This operation is repeated the next day and so on, 
until catches in the surface layer are negligible, then repeated at a depth 
of 15 cm, where the catch will consist of equal proportions of silver carp 
and big head The remaining fry will be virtually 100% big head The 
mixed lot of fry taken at 15 cm are reared together and sorted visually 
when they are larger 
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ARTIFICIAL propagation 


HISTORY 

artifiaally produced fry of these species and “?™“ mduced spawning 
But the supply did not approach the demand and ;P“;™ 

using pitu^fary extracts -^-ame common practice 

was largely dependent on collection o ^ nf frv the Inch cost 

great a— s of labor required, the hean 
of fry attendant on these two factors, and the 

pure; one species stoch free from predators, in 

The practice of hormonally induced spawning of \l 

1934 by Brazilian biologists, but it has found on V PP ^ , 

South America The Brazilian innovation 

adopted tn Asia, Europe N°»1< — ; B "qufntly been 

most contributions to the art of fish ,irtnr»r ^necies othei 

found that exogenous hormones (hormones from => ^o"" sPjcie o 

than the one being spawned) may be successfully J" ^ 

majority of, cases Often even mammalian hormone have been effective 

As induced spawning hocomes more ~mm™ a^^ .nterested in a general 
niqiies used become increasingly di ^ „ferred to Das 

discussion of various aspects P , 5 Clemens (1959, 

and Khan (1962), Pichford and Au (1957), and S 

1962) In this text, specific methods will be discussed for each group 

fish covered riiinese carps begins in 1954 with 

The history of of n wild black carp and big head by 
the spawning ahead of schedule ot P Academia Sinica Of 

investigators from the Institute of y Fresh Water Section of 

more significance was “’O SP="™"8 „£ Aquatic Prodiic 
the South Sea Fisheries Institu e followed by similar success 

tion of pond reared silver carp and big » nroduced frv of 

m I960 with grass carp ^ milliL fry were pro 

these three speaes began in 1961, an mass nro 

diiced in CfLa In “rp wema^^^^^^^ 

TfTdTm^arfo/Simese carp fry was filled by artificially pro 
duced fish 
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Mud carp are also spassned by induction in Taiv\an, where the prooM 
was introduced m 1963 In 1964, 5 mtlhon fry of silver carp, grass carp, 
big head, and mud carp were produced there The first hatchery for 
grass carp, silver carp, and big head in the Soviet Union was built in 
1963 and in 1964-1965 about 90 million larvae were distributed through 
out the Soviet Union and in Poland, Czechoslovakia, Hungary, and Bui 
garia Although pol)culture has not caught on in Japan, fish cultunsts 
there are producing fry of grass carp and silver carp for export. 

As one might expect from the short history of induad spavming of 
Chinese carps, the techniques are by no means standardized One general 
izaiion that can be made is that the Chinese carps, particularly grass 
carp and silver carp, are more delicate animals than related speoes of 
European or Central Asian ongin Therc/ore for optimum results they 
should be handled as seldom and as gently as possible 

CONDITIONING 

Spawners may be speaally reared or selected from stock at large There 
are no hard and fast cniena for selection of brood stock, but in general 
they should be fast growing, lively fish, among the largest and strongest 
members of their age group, and free from parasites and diseases 
There is no unanimity as to wrheiher brood stock should be segregated 
by speaes or kept m mixed aggregations The common praaice m Tai 
wan IS to keep brood stock at a I 1 sex ratio in ponds of 1000 to 4000 m* 
and 1.5 to 2 m deep A normal stocking ratio consists of five pairs ea^ 
of grass, silver, and mud carp and three pairs of big head per 1000 m* 
This sort of Slocking results in the same efficient utilization of 
achieved by polyculture of fish destined for market It may also be that 
large ponds are conduave to proper development of the gonads 
since hypophysation and, if the eggs are artifiaally inseminated, fcrtih 
zation are quite time-consuming, many of the fish m such large ponds 
may have to be handled several times a fraor which can cause a d^ 
chne in potency Large ponds are also harder to manage, and ior 
these reasons some breeders prefer to segr^te their brood stocks lo 
small ponds, despite the loss m feeding effiaency In China, large ponds 
are used for mixed brood stock but stocking ratios are weighted m fa'or 
of a particular speaes Ratios oied include 15 10 1, 10 1 10, and 5 10 * 
of grass carp, silver carp, and big head, respectively IVhatev'er systc® ** 
used, two rules obtain Do not stock too heavily, and keep fish of ap" 
proximately the same size and age together 

Ponds used for holding brood stod; should, if possible, be drained pnor 
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. .e and disinfected wi^Muic^tntt ^ed c^e. H 
big head are to be f°°betae filling, to promote rapid growth 

r^llXrWater in brood slch ponds should be close to spawmng 
temperature (23 to 29"C) and well oxygenated 

Lclr primi spawning ° aTOided", 

meal and rice bran, may be led, but diets hi£ m 

since excess tat retards “[unction with the light applica- 

fed peanut cake and soybean cake m cox j 
tion of organic and inorganic fertilizers. 

ATTAINMENT OF MATURITY AND NATURAL SPAWNING CYCLES 

Size and age of Chinese carps at mmurity varies greatly with climate and 
environmental conditions, as seen in a e . Tn their 

The spawning cycle is also sp"-^ 

natural habitat and in otlier tempera some role 

Chinese carps are all ^PTr—afum appTa/s S L Te most 

in triggering seasonal ^ common ci^p the spawning cycle 

important factor. As is the ^ certainty that the 

breaks down in the tropics, but i attempts to spawn them 

Chinese carps become "P“ j ’ ,,cen largely unsuccessful, no 

in tropical coununes have unul r ^ ^ available for the tropical 
matter what the season. Such inforraa lo seasonal spawners, 

counterparts of the Chinese carps triggering 

with rain or rising water r=P'“*"6 ^ spawning cycle 

stimulus. Grass carp, at least, retai .j.^„ ? 1 pish Culture Research 

in the tropics. In Malaysia workers P 

Institute, although ^here wM no reaction whatever to 

fertile eggs in the summer , howevCT, 

pituitary injections during ■•vrinter." ^^^^ 

More recently, ciiltunsts at by use of the pure hormone. 

the pituitary hormone and it is P ^ 3 techniques have been 

rp:jrin"™rnd“^^^^^^^^^ l./niiUion f^ were produced there, 
along with 500,000 fry of ,,„ciated with sexual 

m^Uy Id rpawMn^^rChinese carps in eight countries. 
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TAB^E 3 SIZE AAD ACE AT MATURTTV OF C.INESE 


CARPS IN DIFTERTNT 


99 


ACE AT 

maturity u eight 

(years) 


ACE AT 

MATURITY WEICirl 

(years) 


China 
South 

Central 


hortheast 

India 

^Vlld 

Pond bred 
Malaysia 
Taiwan 


Krasnodar 

area 

Turtmenia 
Ukraine 
Siberia 
Moscow area 


Big head 
Grass carp 
Silver carp 
Big head 
Black carp 
Grass carp 
Silver carp 
Big head 
Crass carp 
Silver carp 

Grass arp 
Grass carp 
Grass carp 
Big head 
Black carp 
Crass carp 
Mud carp 
Silver carp 

Big head 
grass carp 
silver carp 
Grass carp 
Crass carp 
Crass carp 
Crass carp 


3-4 

5 -10 

4-5 

6-8 

2-3 

2-6 

4-5 

5 -10 

5 

10 -15 

4-5 

6-8 

4-5 

2-6 

fr-7 

5 -10 

6-7 

6-8 

5-6 

2-6 

3 

4-8 

2 

1.5 

1-2 

2.3- 3.2 

3-4 

5 or more 

5 

10 or more 

4-5 

3 ot more 

3-4 

1 or more 

2-3 

2 or more 

5 

_ 


3-4 

— 

8-9 

2 7- 3B 

8-9 

6.5-70 

10 




2- 3 — 

5-4 — 

1-2 — 

3- 4 — 

4 " 

3-4 — 

3-4 — 

5-6 

3- 6 " 

4- 5 

5 

0 OS 
1_2 

2- 5 " 

4 

3- 4 — 

2-3 " 

1-2 ^ 


2-3 ^ „ 

7 - 8 27 - 3 ^ 

8 - 9 65 - 7 ® 

9 


SEXING 

The (iiFt requirement tor artifiaal r^-nmg ot any fish " ““^„es 

Lunguish the sex c£ the spaumer. This pr«nu no 3U 

tth the Chtnese carps, at least not tshen they are 
„„„ betray both their sex and degree of ripeness by , 

r!^m hffldW Males may also be distinguished by .he presence ot fin 
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TABLE 4 MONTHS AND 
MATURITY AND SPAWNING 


WATER TEMPERATURES ASSOCIATED WITH 
or CHINESE CARPS IN FIGHT COUNTRIES 


COUNTRY 

China 
Central 
Central 
South and 
central 
Yangtse 
Rncr 
India 


Japan 

Malaysia 

Taiwan 


SPECIES 

Grass carp 
Mud carp 
Big head 

Silver carp 

Grass carp 

Grass carp 
Grass carp 

Big head 


TV PE OF 

SPAVVNINC 


Natural 

Natural 

Natural 

Natural 

No spawning 
gonads 
mature 
Natural 
Gonads 
matuie 
Induced 


Grass carp 
Grass carp 
Mud carp 
Silver carp 


Induced 

Natural 

Induced 

Induced 


Thailand 


Tarabra 

{Labeobarbus 

tambrotdes) 


MONTHS 


April August 
Apnl Ma> 
April June 

Apnl June 

March August 


June July 
January October 

March September 
(poor results 
,n July and 
August) 

May July 
May September 
June September 
Marcli September 
(poor results 
in July and 
August) 

July August 
(rainy season) 


SEXUAL 

WATER 

temper 

ATURE 

(•q 


26 -30 


20 -22 


20 -SO 


20 -30 
24 -28 


U5SR 

Siberia 

Ukraine 

Vietnam 


Grass carp 
Grass carp 
Ca chain 
(Labeo 
collaris) 


Natuial 

Natural 

Natural 


June July 

June 

June 


17^225 
22 -24 


serrated ridges on .he pectoral fin rays Grass 

distinguished by a thickened first o,gLs on the 

carp are reputed to develop ”"P beL unable to discern 

head at spawning time, but some 

bv the presence o£ secondary sexual 
Females are distinguished not y F 
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characters, but b) the absence of the male ‘"Jc 

males mas be indicated by a large, soft abdomen, but this is 
indication, as fish isitli excess intestinal fat present the same^p^^^^ 

Lm (1965) cues a s^^cllmg cloaca, pinkish in front . 
ripeness but tins is not tUst>s obscnable 

estrualization 

In the process of injection isitli piliiitary materials, or „[ 

It IS sometimes termed, as in other operations imoUing Inndhng 
spawners the incidence of injury lo .he fish may be reduced by tramF^j 
mg each fish individually in a carrying cradle about la cm deep 
cloth and attached to i isoodcn frame of suitable sue Ano i p 
cloth attached to one side of the frame only is laid o\er th P 
fish During transportation this cloth and the cradle use 

Most of the Chinese carps respond to pituitary preparations 
different kinds of animals, but the most commonly used are ^ 

pituitary and human chorionic gonadotropin Grass carp do no 
to human gonadotropin but small amounU of U added to fish p 
preparations reinforce their effect Any cypnnid puuuary is hkcl) 
effectise on all the Chinese carps, so if the culiunst s stock 
fish, crucian carp or other cyprmids of lou market salue, some 
may be effected by setting these fish aside for use as pituitary 
The generally accepted dosages for big head, black carp, mud ^^^y 
silver carp are 2 to 5 mg of dried cypnnid pituitary, 3 fresh pi ^ 
glands, or 700 to 1000 lU of human chononic gonadotropin per 
of spawner Grass carp require a slightly higher dosage (3 to 4 mg o 
pituitary/kg) but oserdoscs should be avoided for all speaes sine 
may cause partial or complete infertility Fractional injection is 
with % to Yio the total dosage injected on the first dose and the 
der 6 to 24 hours later If fractional injection is used females only * 
be injected at first else the males will ripen too soon Indeed, U 
not be necessary to inject the males at all, although injection faci • 
the flow of milL 


SPAWNING 

Spauners may be placed in the spawning pond as “’‘‘J' “ 
before injection or stocking the spawning pond may be dele 
immediately after injection Tlie spawning pond should be 100 
n area and 1 5 to2 Om deep witliasmoothbottom to avert poss 
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„ TU. »» ““J S S'-C' 4'.”g 

in floating doth cages anchored extended bv weights 

cages should be about 1 m deep with ‘ peefent 

tied to the corners of rtie"boHom of the pond slopes, it will 

the Hsh from jumping out If the botto ‘ , j particularly 

facilitate draining spawning Pter's^sec can be 

when spawning grass caip, if a airren preferably 

maintained Water for spawning f "“'d ^ 

slightly alkaline, and have a observed at tempera 

Ahhough natura spawning of considered the minimum for 

tiires as low as 17 5 C, 20 <- g I regarded as the 

spawning Chinese carps artificially, and 23 to 2J o is g 

optimum range naturally, spawn 

lUfterinjection the fish are to te 

mg ponds may be stocked at rot g y ,f artificial insemina 

forspawners ^ „f„3les to females is 2 1 foi 

r.;:.4;rg4ri 

s'stlt:";:; X ri»,. » - ...» •p— i « - » 

produce maximum fertilization of eggs spawning pond, and 

Within 6 to 20 hours after ■"'■'““p ‘^Vsl M females 
usually witlim 10 to 14 liours, the ma *101130111111051 in 

This time interval should be taken into account by the ns^_^g 

deading whether he convenient from a human 

the day Daytime spawning is of ^ 

standpoint and may 'p ’ "h dunng the day and thus be warmed by 

are laid at night, they will hatch ® during the most critical 

the sun and protected from sud „cticed the spawners should 

hours If artificial insemination is ^P ^ 

he removed for stripping within 5 
mg Grass carp should be allowed to chase a bit long 

®P'="“ . ,n in 00 min after which time ihe spawners 

Natural spawning takes 30 to 9 ^ ^ allowed 

are removed If a separate hatching p p’ p p,^ eggs collected in 

for the eggs to harden, then 

a fioatmg net placed at coarse net which holds die 

of netting is attached under and aroin „o„d 

spawners to prevent eggs from '““j' uirned to the spawning pond 

After spawning the adult fish y ^ especially important wlien die 

rs,rh”rbertrp;:d‘’fr:r..fic.al inscmmaimn Recuperating fish 
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should recei\e plenty of food, grass carp in partiailar require an abun 
dance of fresh vegetable matter at this lime. 

HATCHING 

Hatching of wild fry in boxes has already been described Primitive 
methods of hatching artifiaal fry employ similar but shallower boxes 
stocked with eggs at a density of 4 to 5/cm* and anchored in a small 
stream of moderate flow Hatching boxes may also be placed in standing 
water provided there is suflioent oxygen available, but under such or 
cumstances the eggs must be gently stirred every 20 to 30 min In either 
case the empty egg membranes should be removed after hatching 

Well-equipped fry farms use various indoor hatching devices which 
permit control of temperature light, and dissolved oxygen concentration 
as well as exclusion of predators The original method of indoor hatch 
mg involved placing the eggs m flat trays or raceways and maintaining a 
flow of water over them but better results are now obtained through 
adaptations of the jar method used m culture of many game fish in the 
United States A wide variety of apparatus is used, but all are designed 
so that water enters the hatching container from below Thus water u 
passed among the eggs rather than over the top of them, assunng a 
steady arculation of water around each egg and substantially inoreasing 
the rate of gas transport by the eggs 
One of tlie most successful versions of this method makes use of a 
senes of hatching baskets constructed of nylon netting A senes of 
these are placed in a trough provided with baffle plates to produce 
an upward flow of water through the baskets (Fig 1) Baskets near the 
trough are made of coarser net than those at the tail Tlius unhatched 
eggs are retained at the upper end of the trough, but fry escape and arc 
washed down to be collected in the finer mesh baskets Alternate tech 
niques involve various jars and funnels equipped with hoses at the hot 
tom Fry are either netted out or allowed to escape over the top tu 
which case a device to catch them is attached Density of eggs m the 
apparatus and current velonty would seem to be important factors m 
this type of hatching but a survey of successful hatching operations 
shows a fairly wide range of stoeJung rates and great vanations m the 
rates of flow used Russian hatchenes stock eggs of grass carp and sil'cf 
carp in jars at 5000-10 000/Iiter and maintain a current of 0&-0 7 hter 
/mm But the Saitama Fisheries Expenment Station in Japan maintains 
a hatching rate of 90% in nylon bi^kets where flow is maintained at 
20 liters/min and eggs are slocked at approximately 3000 to 6000/lit^ 
The vanation m current as measured is probably much greater than tn 
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Fig. 1. 



Hatching trough used in raising Chinese carps 


in Tahvan. (After Lin. 1965.) 


differences in force applied against an individual ^ 'IlTot^waer 

Measurement of current takes into account only tlie ^ 

passing a point in a given time. To maintain a certain current through 
fsmMl spLe such as ! glass hatching jar or its iidet hose ^ 

deal more pressure than is necessary to maintain the same 
a large trough. Thus the eggs in a trough receiving a ^0 lire s/ 

min are probably no more liable to physical ^ 

with a current of 0.641.7 liter/min. It may also XTn” 

where tlie eggs are tumbled about, the nature of the hatAing container 
Im some relfti^n to the optimum water velocity. Certainly, an egg ts 
morriTkel to sustain dama'ge as a result of collision ^ 

of a glass iL than through contact with a resilient nylon nf‘- F" ‘1'® 
enUtTs up to the culturist to determine a rate of flow which will provide 
adequate circulation without damaging the ^g , ,g_„.ra 

Time to hatching and absorption of the yolk 
ture. In Taiwan. Chinese carps hatch in 24 hours at 28 G and in 30 to 32 
hours at 25°C. Within 3 to 6 days after hatching the yo k sac 
and the larvae commence to swim freely and feed f ^ ^ 

left in the hatching apparatus until this time or they may be placed in 
lett in tne natemng pp . perforations less than 0.2 mm 

shallow net cages or other containers wii p u, in 

in diameter. Such cages may be Boated indoors freelrsmall 

nursing ponds. Ponds used for this purpose must be entirely free of s 11 
predamry fish for. although they may not be able to 87 77 *77 
cage some species become adept at sucking larvae through the netting, 
wi^^r the larvae are placed, they require a dissolved oxygen concen- 
tration of at least 4 ppm. 


FRY REARING 


PREPARATION OF PONDS 

A , n • oKcnrFipH tlic frv Rfc transferred to the first of 

As soon as the volk sac is absoroea, uic uy ^ ^ ^ 


•s soon as the yolk sac i. . . 

I series of nursing and rearing enclosures. There ) 


little uniformity in 



94 AQUACUlTtRE 

the Mze and number ol such enclosures or tn U.e 

mg and rearing but the techniques ol ^ ^ 

ponds are similar vihereser Chinese carps are 

Gained as completel) as possible, then u is PO"”"”' “/^th, .h= 
potential fry predators After a ss-ailing period of “P „ 

^nd IS leselled. filled, and fertilired I P'“'«‘”T' of 3- 
establish ihemselses in the pond after filling a small pop 
yearmld common carp may be stocled to feed on them. „ „{ 

The classical Chinese presciiplion calk for an initial 
fertilizer sshich is identical for all species follosscd b) pCTiodi 
ol speafic types and quantities of manure according to *0 tF J 

cultured The initial manuring uses odoriferous plants, such “ 8 ^ 

{Agerttum conyzotdes) ssath or uithout an admisture of cove _,iar 
rate ol 1200 to 2000 Ig/ha It adequate amounts of goatweed ° 
plants are not available, a 7 1 mixture of cove du^ with ^ 

nitrate or ammonium sulfate may be applied at 800 Kg/ a j, rating 
■week of fertilization the ssatcr should turn greenish brosvn, 
an abundance of phytoplankton At this time undeca)ed biU o 
may be removed and the pond stocked with fry Thereafter, p® 
fertilization is earned out as outlined in Table 5 


TABLE 5 FERTIUEATIOS SOIEDUlX FOR REARING FRV OF FOLK SPECI^^ ° 


CniNESE carp 


— 

snxics 

FXR'nLIZEK 

nnSACE 

Big head 

Coaivkecd 

100 Ig/ha every 3 “bp 

Siher carp 

Grass carp 

Mud carp 

Coaiikeed and 

200 Ig/ha every I “bp 

cow dung 

Cow dung 

1 900 IWha every day^ 


In Malaysia, nursery and rearing ponds are fertilized 
12000 kg/ha of cor dung which is dug into the bottoiru As 
of\he action of fertilizers increases and synthetic fertilizers 
readily available in Asia, more sophisticated methods may becom y 
alent but the traditional methods remain effective. 


LOCKING 

The size of nursery ponds m China is determined ^L,sw 

Temence. The ran7e of sizes in use « from 100 m» lo 2 ha. In MaU) 
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smaller ponds of 

ing try by levelling them and rats g ^ 

Chinese carp fry are / j A doth with 12 to 16 meshes/ 

their life. Floating net 7^” d,ep are anchored in ponds, 

cm are m use m Japan. Cag -vide a shght current through the 

and when equipped with a hose t J 000 62.000/m=, as 

cage, they can be used to hold ry . . 1400 to ISOO/m^. 

compared to the usual niirsery pon are kept indoors 

Whatever the rate at which ^ ” helpful to acclimate them to the 

into their containers. 

SUPPLEMENTARY FEEDING 

. ;« c^^rondarv to fertilization, as the 

Feeding very young Chinese “''P ^ p,ankton. Nevertheless, sup- 

principal food of all species » ® considerable diversity of 

plementary feeding is often un nursing stage becomes nothing 

feeding schedules and stocking ra , jile size. The most that can be 

i£ not bewildering as the fry approa various countries in 

done by way 7, wld* lists the principal natural foods 

tabular form (Table 6). laoie /, helpful. 

of Chinese carp fry at ‘“"yAbrTable 6 could easily be improved upon 
The growth rates suggested^ y .. ,„r,jg protein However, the 

by lowering population foil for food but in supplying 

fry specialist is in erowing ponds. Except in Singapore 

fry for other culturists to stock gT Phinese carp up to 8 months 
and Malaysia, where it is size of fry tor pond stocking is 

of age and 150 mm, the mos P^P for fish as small as 10 mm 

about 30 mm. However, there is conditions fry of the principal 

and as large as 120 enterprising fi^ farmer 

species reach 30 mm m 2 to . si^es on hand at all 

attempts to keep at " A stunting and using carefully con- 

times Size control is accomphs y ^ delicate business, because 
trolled diets and stocking ^^cess of food in a 

underfeeding can cause mal depletion. If fry are being kept in 

crowded pond can cause severe )g ^ t careful watch over them 

a stun, ed" condition, the 03"^ sale or transfer .0 

and every 2 weeks or so removes the larg 

another pond. 



6. SAMPLE STOCKING AND FEEDING BATES TOR CHINESE CART FKr 
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roil * msllion 



TABLE 7 PRINCIPAL NATURAL FOODS OF CHINESE CARP FRY 
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A Main Water Supply 
B Spawning Pond 
C Spowning Boxes 
0 Woter Supply P'P* 

E Inlectlon Platform 

F Water Supply Pipe to the Hotchlng Funnel 
0 Hatching and Rearing Tank 

with Hatching FunnelsfCIrcles) 

H Rearing Troughs 
J Water Flows Over this First Cote 
j Water Flows Under this Second Cote 
K Woter Flows Over this Third Cote 

F.0 2 Schomafc plan o! the apannmg pond =nd ha.dnng rcar.ng 

Shan Ton Hltclier)' Li" 1905 ) 


tanks of the 


DESIGN or ERY HATCHERICS 

Tlie layout of hatcheries tor a>>ncsc ^""Jnlng. hatcliing, 

operations should the most critical actiMties in 

nursing and eaily ^ hatching, 

:T™7g sr." S™ TO. 

but efficient operation in Tmuon Shan Ton Resenoir, nhere 

The source ot or t - month, and neser falls 

temperature aserages 16 ^ J“" *7 ^,„age 28 to 30°C, so that 

bcloii lO'C Summer asater I lemnerattirc during the summer 

there is not ottl) an optimum spaas B proi«;r matiira 

hut enough ot a seasonal ''"’P"’" ^ ,, ,„1, alhahne, a condition 

non of Cliincse carp gonads The E ) smiahilily of 

particularl) taaorahic for BJ-* ^ Wu Shall 

the aaatcr slippl) is iKrhaps best dcmolistratcu ii) 
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Tou Reservoir is one of the feiv places in Taiwan where natural spaivn 
mg of big head, grass carp, and mud carp occurs 
Water passes directly from the reservoir to the spaivning pond (B), 
which is I 5 m deep at the head and 2 m deep at the tail, thus providing 
a good slope for drainage During use, a flow of 30 to 45 Iiters/sec is 
maintained A platform (E) is provided for injection of breeders, which 
are spawned in anchored floating boxes (C) 

Water from the spaivning pond is fed into the S-shaped conaete 
hatching and rearing pond (G) and the batching facilities, both situated 
at a slightly lower lesel than the spawning pond Good arculation m 
the tank is maintained by having the water pass alternately over and 
under a senes of three gates {I, J, and K) Nylon mesh hatching funnels 
(designated by circles), each vnth its own water supply hose attached at 
the bottom, arc suspended m the middle section of the hatching and 
rearing tank. The surface of each funnel is kept about 10 cm above the 
water surface The shape of the hatching and rearing tank makes it eas) 
to net out the neul) hatched fry and transfer them immediately to float 
ing rearing troughs (H) anchored in the outer portions of the tank- 

Other faaluies not shown in the diagram include ponds for holding 
spawners, recuperation ponds, a pond for culture of common carp pdu 
itary donors, and a number of ponds for rearing various sizes and speoes 
of fry 

The facilities needed to insure economical]) feasible production of fry 
vary according to the scale of operation and the number of speaes to be 
cultured Lin (1965) suggests, in addition to spawning and hatching 
faolities, the minimum number and area of ponds as listed m Tabic 8 
He calculates that with these faaliUes 18 pairs each of big head, grass 
carp, mud carp, and silver carp can be raised to full matunty and in 
jecied 'With an estimated 50% responses to injection and 67% hatching 
rate, 7,200,000 fry can be produced annually 


TABLE 8 MlMVfUM NUVIBER A^D SIZE OF PONDS FOR A CHINESE CARP 

HATCHERY ^ 

5xJ00Oxa2 5.000 m' 

I X 1.000 m* 1,000 m 

10x1, OOOm* lO.OOOm^ 

10 x 2,000 m2 20 . 000 *^ 

26Mnd$ 36 000m- 


fry 


Spawner holding ponds 
Common carp donor pond 
Fry nursery ponds 
Fry nursery ponds 
Total 


3 6ha 


26 ponds 
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SALE AND TRANSPORT OF FRY 

Within the traditional framework of Chinese carp 

sold to culturists in the vicinity of the fry hatchery. I" ^htna today f^ 
are commonly grown to edible sire by People’s Cooperatives some je 

stocked in larse reservoirs where they are not cultured further but con 
^ to fiXries. Transport of fry over 'ong distances is some im 
necessary, but this incurs the risk of heavy mortal, y. ^ 

have made it possible for a fry hatchery to supply ^“Itunsts hundreds 

of miles away. One of the best methods of fry 77“'’ ^iS 
the Soviet Union, employs hermetically sealed t is Pot 

water and oxygen in equal proportions. Using such containers pos 

sible to ship fry at densities of 2000 to 4000/liter. 

Some fry haidieries find it useful to raise "'<='77" 'shanit- 

example,7he Tsingpu Experimental Freshwater 

hai, China, with 1^000 ha of fish ponds maintains 25 500 ha Mds 
planted to soybeans and rice, the rice being Jds 

Duckweed for feeding fry may be grown ■" ^7 ‘77P°”td 40 
Malaysia Wolffia is often cultured in po^s 50 m n 6 ke/m= of 

deep Woiffia ponds are initially fertilized while dry w th 0.6 kg/m of 
co?drg and^/10 that amount of prawn dust dug in o hotmm. 
After filline a few IFoiffio are introduced and the pond 
S the orVnallse ofcow dung and prawn dust every week thereafter. 


SPECIALIZED propagation TECHNIQUES FOR 
INDONESIAN CARPS 


NILEM 

in Indonesia, spedalized technique, no. invo,™^^^ 

reused in spawning an^e^ngsom^ ^ostcochilus hasseUi). 

Java, a senes of ponds is used m breeajng k conditioning 

First, breeders are kept for a iveck in i m used 

ponds and fed on rice bran, beaten maize, or rie • 

r . 1 , . 1 old about 20 cm long, and luu g in 

for spawning are generally 1 7 ’ ^ ^ jg cm and 50 to 60 

weight. Females as young as 8 montlis. an ,o 9 vear^ild 

E may be used, but the best results are °htained with I 7 to 2 -yearm d, 
25 cm, 150 g specimens. At the rate of one spawming every 3 to 0 months, 

female breeders may be used “{> “ ?‘f c^luTgiiilg Iialchery. a sediment 
In the sp.awning method used at the Oalunggi g j , 

tank is built abL the spawning pond to supply the silt-free 
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requ,red by n.l™ The apa.-n.ng Grass » groan 

slopes from 40 cm deep at the inlet •« '“ ™ 3„usl spaim- 

on the bottom of the shallots 'O'* f ,,c,d place by a 

.og area At the Mage hatchery, If „ foir pa.n ot 

bamboo latncetsork, are substituted for ^ „ branches 

spatmers are placed tn the pond, along ssath floaung 

of plants to pros.de shade „,„ent through the pond. 

Spassmng is induced by creating a strong B g |^,„g 

begmning about 2 hours alter '"'f 

commences ts-ith.n about 2 hours and is ' ,,,3 „J„et. rather 

The spatsmng pond is no. P™”''"* • haidimg pond Like die 

the eggs are stashed dotsn inlo a 5 to 2>m ha.clii g ^ 
spats^g pond, die hatching pond has a ‘'°P'"8 40 cm a. * 

L depth increases from 10 to 20 cm a. the >"'« ® toJO^ ^ ^ 
outlet The bottom is pared ssath lUt stones, co 
grasel, oser ssh.ch the eggs are spread esenly to present 1 
mg together MTien spasming is completed, the "P“'''"' ® ^ bed d.recdt 
so that dean tsater from the sedimentation tank can be 5 pp 

to the hatching pond lame can be 

Hatdung begins S days after spass-n.ng, and the M 
cropped, by partial draining. 2 days later Usually cropp g Oie 

or so fry is completed isithin a sseek of spasming, at 
hatching pond is completely drained and the grasel ss ^ 

Vanations on the Galunggung method exist, but all re y „ „ 

ation of a cunent and/or a nse m staler lesel ^ „ble effed- 

bel.eved that tree teases trailing in the staler also base a l 
Rearing ponds sary in size from 0 5 to 5 ha and may 
directly linked wih the hatching pond 


TAWES 


Tawes (Barbus gonionotus), like most tropical c>pnni^ ^nfin^ 
\ ear round spaivTiers but hatchery operations are usually _ 

. _f .U- .a>-><aan xa.ll«>n ihM-e IS adcQu; 


sear round spaivTiers out naiciicry upciauu.*, a supply 

beginning of the rainy season, when there is adequate w ^^ 200 ^ 
the strong current necessary Taues spawning ponds, sv ^ 

■ CSC. «t: cn nnH located no more than 


e 200 to 


the strong current necessary Jaues spawning 70O m a 

500 m* in area, 55 to 50 cm deep and located no more t a ^ , 

sea lesel, are prepared by drying for at least 5 days or ^teraicu 

oust 4 to 6 cm thick on the bottom In dtymg, care m^ ^„dbcl‘^'- 
that cracks are not formed, because eggs may drop into so » 

A sand botlom, ideal from this standpoint, is. adcga**' 

mixture ot sand and silt is considered best. If sun frying 
Tprepare the pond properly, paddy strasr may be burned on rb 
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Water is introduced to the spawning pond beginning 
and 2-year-old breeders, about 300 g in weight and ^5 cm in leng Un ^ 
introduced when it is half full. During the 3 to 4 months ^ ™ 

ings, brood stock are kept in special ponds and fed on ^ 

plant leaves, but they should not be overfed or 

Lsirably fat. For the last 3 to 5 days spawners may be “"duioned m 
running water. Brood stock may be used a maximum of A™ ^ 
pair of spawners/50 to 70 m= of surface area is a good ^ , 

Lng current of slightly turbid, well-oxygenated water is maintained 

-r" 

humming noise. Sometimes die fish are reluctant to 
case the water is beaten with bamboo slats. A similar exmtement may be 
created by tying a stick to one of the fish, f such 
draining and exposure of the pond to sunlig it may e spread 

When spawning is over, the current is shut off and eggs spread 
evenly on the pond bottom. The spent spawners are left ■" the P°nd 
and fed once or twice a day with as much rice bran as hey 
in 2 to 3 hours. After a week, leaves of such so t plants as Canco 
mia. and Manihot are added to the diet and the quantity of both food 

‘‘ ^ - 3 daysi after about ^0 ^ the ^ - 
strong enough that the flow of water through the pond "’“V be restored 

Depending on the fertility of the pond, the fry may '>Y„T„pt 50 davs 
50 days. In fertile ponds they reach lengths of 2 to 3 ot Y 

Comln carp fry, about 10 cm long, may be stocked t«‘h t>m 
as the agitation of the bottom caused by common le con 

lievcd to be beneficial. Small. 25-day-old fry are a Jnst the 

veniional manner, but larger Y YlirctioTby°drainage^ Such fry 
current and are thus not -vvell suited to co y mther 

are collected by partially ^ upstream and 

in a centnil ditch, then restoring the flow SO m y JL tn nno 

may be collected at the inlet. Average production of tawes fry is 10.000 
to 20,000 25-day-old fish or 5000 50-day-o!d rish/temale. 

In parts of last Java where a large head of water is ^ 

able, a different teclinique of spawning tawes has •’“V' rstnatl 
0.1- to 0 2.ha spawning pond. 0.6 m deep, is consmicted near a smal 

stream wi.ich h known to swell after rains. In ^ "^ruTirs o 3e" 
is a square pit, 4 m on a side and 0.5 m deep, in wh.cli P^" 
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the pond is beaten with sticks to induce spawning The fry obtained 
are transferred to rearing ponds a week after spavming, at which umc 
the pond may be prepared for the next spawning Some losses of eggs 
are expenenced as a result of siltation, but yields of 100,000 fry/spawmng 
are not unusual 

Tawes were introduced to ^^aIa)Sla in 1955. and the Fisheries Division 
of the Ministry of Agriculture and Cooperation maintains stocks at lU 
fry hatcheries A research program has been initiated with the intentions 
of improving methods of fry production and selecting a fast-growinp 
strain. 


MATA MERAH 

Artifiaal propagation of mata merah {Barbus orphoides) is a more recent 
development. Mata merah may be spavmed in ponds or nee fields, lO 
either case the water should be 40 to 60 an deep CuiTeni» turbidity 
and dissolved oxygen concentration should be as desenbed for 
The pond bottom, which is dned for 2 to 4 days before use, should 
covered with grass or nee stalks, if these are not available, artiGa 
substitutes may be provided. 

Breeders, which should be at least 8 months old, 13 to 17 cm long, 
weigh 60 to 85 g, are stocked in the morning at 1 pair/24 m* m poo 
or about half that density in nee fields Sometimes combined 
of mata merah and kissing gourami {Hclostoma temmincki) is pracuccoj 
in which case I pair of mata merah/48 ra* and I pair of kissing gourann/ 
70 ra* are stocked 

The spawTiers are fed with nee bmn in the afternoon, and noctur^ 
spawning follows The eggs, which are attached to the grass or nce sia 
but never found on mud, hatcli in about 2 days Rice stalks, if pr»®** 
are cut off near the bottom 3 days later The fry are fed on fine nce bran 
after the first week. Manunng may also be helpful in their nounshmeot- 
Fry are normally reared for 30 to 40 days, but it may be necessary ^ 
thin the stock after 20 days Cropping is done as desenbed for , 

kissing gourami are present, the species are separated by essenuall) 
same method used after combined reanng of kissing gourami with 
mon carp or nilem (see p 224) From 240 to 400 2 to 5-cm bylp^ 
obtained in pond culture and 100 to 170 fry f pair in nce fields or m co 
bination with kissing gourami 


Breeders are removed and reconditioned on nce bran in separste 


ferule 


ponds Under good conditions, they can be spawned every 


S months 
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j »he DTincipal speaes »n classjcal Chinese carp 

Fic 3 Habitat and feeding niches P ^ on %egetable tops (2) Big 

culture (1) Grass carp (Clenopharyng midwater (5) Silver carp (Hypoph- 

head (/irulic/ityj nobtlis) feeding on loop an midwaier (4) Mud carp (Ctrrhintu 

,hJ,chiys E«d,ng on P''y't\*rde.rru "dud ng gra. 4 tec« (5) 

u.o,„urdEa) feed.ng on benr ammals and detmu,. mdudmg 

Common carp {Cyprtnus carpia) feed g feeding on mollusks 

grass crrp feces (G) Black carp (Afylop/iaorngodo.. feeding o 


GROWING CHINESE CARPS FOR MARKET 
A..OU,,. .he .e«e3 

phisticaied, it is tlie final stage in ^ r fnod resources. 

The principles of full be4"!"E to r.nd application 

e,“tn pri::;?e:?’o:;Sure’of r.sh alo employs a nunther of other 
principles of stocking. 

PRINCIPLES or POND STOCKING 

run.,. 

stoch, since plankton is by far the most auunuani 
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ponds Phytoplankton feeders such as the stiver 
^d baste fish for polyculture s.nce they operate at the very 

the food chain , herbnores 

Unless there is an abundance of higher P ^ ^^de for 

should be stocked tn small numbers or provts.on should 
supplementary feeding ,1, 

Use of bottom feedtng omnivores and carnivores epe 
and clarity of the pond In a very deep pond or ^ sup 

ton bloom the productivity of the bottom water may 
port a good number of these fish On die other hand, , 

ponds, where henthtc insect larvae and the like are *un , ^ 

waste of resources not to stock such fish Bottom J food 

stocked if It ts economically feasible to provide s pp 

” Piscivorous fish should he stocked only where ^,^ 2 = 

occurs in growing ponds or where populations of small fish 
or no market \alue exist , ^ a 

A suitable population density must be maintained in the po 
whole and vvathin each ecological niche ” ’^oulation 

underutilization of food For this reason and because at high W 
densities development of the gonads of many species is re 
enhancing growth and eliminating the possibility of undesireo p 
heavy stocking is preferred However, if a pond is overpopu 
trophic level interspecific or inu-aspecific competition will 
productivity wall decline The prease population h cs 

production in a given pond must be determined empincall) tn 
penence pot 

The species cultured must be suited to the environment, o"® '' 
attempt to raise mud carp in northern China knoising that t 
tolerate prolonged exposure to temperatures belosv 12 '’C or to P 
carp m a very turbid pond ^%here sill particles i\ould clog their 
fine gill rakers ^oi 

Economic factors should also be considered in choice o spe . ^ 

tore For example, goldfish utilize plankton well but one v 
foolish to stock goldfish m a pond which will support siUct JJJ^j.gpces 
head which ha\e many times the market value Region P jog,cal 
also enter inlo the picture as in the case of the black carp “ 35 a 

choice as a pond carnivore in China where tl is J ,5 l„llc 

food fish, but a poor choice for stocking in Taiwan, where 
demand for black carp 
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Greens are placed m one corner of pond be 
Plate 2 Feeding grass carp m Shehadeh Oceanic Institute Hasvan) 

hind floating bamboo rod (Courtesy Ziad Shehadeh uce 


SUPPLEMENTARY FEEDING 

, /put<. PI the key word in feeding is supplemen 
In pond polyculture (!’'=“<= ^bJe of producing substantial quan 

tary A well managed pond is “P Supplementary feeding 

titles of edible fish without *e a increase will more than offset 

should he undertaken only il pr.naples of feeding as dis 

the cost of feed and ® applicable to Chinese carps 

cussed for common carp in Chapter 
as are the data on nutritive value of various 

STOCKING AND FEEDING SYSTEMS 

These pnnaples find ior each are 

ber of the systems used in the Far 

outlined here along with commems - temperatures pre 

Kianpu Prmmce is ^ tceam are substituted as hot 

dude the mud carp so P njs is sparse hence grass 

tom feeding /'“ /are commL inhabitants of ponds and 

carp may not be stocked Snails a 

Streams in the area thus culture * 

tnentary feeding is emphasized (Ta e^ ) 
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^MtVESTi CARPS IN PONDS TWO TO THREE METERS 
TABLE 9 STOCKING RATES OF CHINESE CARPS IN 

DEEP IN KIA NCSU PROVINCE, CHINA 

LENGTH vt.v<RrB OF FRY PER H* 


Black carp 
Black carp 
Grass carp 
Sliver carp 
Big head 
Common carp 
Bream 


In deeper ponds m Ktangsu the producDsily Therefore, 

substanlially reduced and higlier plants are ^ reduced w 

tn stocVmg such ponds herb, sores and ,3ny,on feedm 

numbers or eliminated and great emphasis is placed on p 

'^In'most localities Chinese carps Xin^ha^a^^ 

or yearlings, lelt there (or S years, and bars ested >^_"®,.nce, > 
Shaoshing regions o( Chekiang, another northern , 3 to 

3 year rotation ,s used (Table 11) F.ngerlings are o( the 

1 6 ra deep, svith a preponderance ol black carp to take 
abundant bottom fauna The second year the (“h “r plankton 

about 2 m deep and the balance ol numbers shrCted touar f ^ 
feeders In the final year ponds 2 5 to 3 m deep are used and p 

TABLE 10 STOCKING RATES OF CHINESE CARPS IN PONDS THREE T 


meters DEEP IN KIANCSU PRO VINCE, CHINA 

— * ^^^^BER OF YEARLINCSF ^ * 

wzjcirr OF 

cvemt SYSTPM SYSTEM 


wzjcirr OF 

YEARUNCS 

(c) 


Big head and 
Silver carp 
Grass carp 
Blad: carp 
Common carp 


Total 
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TABLE 11. STOCKING RATES OF CHINESE CARPS IN PONDS IN CHEKIANG 


INCE, CHINA 


FIRST YEAR 








oKa^O 



YFAR 






iH 


SPECIES 

INITIAL 

WEIGHT 

(c) 

PER HA 
(ACE 3 TO 9 
months) 

INniAL 

WEIGHT 

(c) 

HA (ACE 

15 TO 21 
months) 

INniAL 

WEIGHT 

(c) 

NO. PER 

HA 

Black carp 

Silver carp 

Big head 
Common carp 

Total 

35 

40 

40 

30 

6,000 

400 

400 

400 

7,200 

500 

600 

600 

350 

1,300 

1,000 

80 

50 

2,430 

2,750 

600 

600 

350 

400 

300 

200 

1,140 


feeders predominate. By this time the black carp are much l-^ger 

the other species and some must be removed for mar e i g. 

system is used mortality is about 10% during the first 2 years and neghgt 

ble in the third year. , 

Further south, in the lower harvest 

principal food fish raised, accounting tor 60% o feedines of 

Le. Black carp and grass carp are given ''■PP’'"’^"‘^/„7trtiLer 
snails and plants, respectively. Grass carp feces act as a s 
for plankton to nourish silver carp and big hea . 

At the same latitude, in Hangchow, a simpkr 
ployed. Ponds in that region are usually very rich in ° ‘ ^ 

alluvial soil and ample run-off from urban 

fields. Culturists there stock 65% silver carp. 30% big jnd o% 

crucian carp Such a community feeds almost entire y 

the crucian carp will also feed on the bottom “nd^s probably naakes 

good use of the meager advisable to include 

the crucian carp will reproduce in ponds, it g .^rn 

a predator in this association or stock only one sex . . , 

T » , . c T more complex association is stocked. 

In other coastal regions of Cb>n» “ P numbers are 

imh heavily fed grass carp as which make use of 

the mud carp and striped mullet (Alugij " I ,~ncctivclv Also 

algae and detritus on the bottom and in mi s. , 
quite heavily stocked are the plankton.eating ^ 

Small numbers of the omnivorous common carp ^ 

perch ^Lalcolobra. japeiem) complete “"’7"'‘Vl Irncrimn'^me- 
teed on the prolific gambusia ponds in southeast 

licarcr which has established itself as a pest in i 
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TABLE 12 FEEDING SCHEDULE FOR CHINESE CARP MULLET MILKFISH PONDS 
IN TAIWAN 


AMOUNTS OF FEEDS (KG) 


MONTHS 

GREEN 

FODDER 

AGRICULTURAL 

PRODUCTS 

ANJ'IAL 

products 

March 

50 (IVolffia 

400 

40 


or duck 




weed) 


100 

Apnl 

150 fodder 

600 

May 

300 fodder 



June 

500 fodder 

1,000 


July 

1,000 fodder 

1,200 


August 

2,000 fodder 

1.200 


September 

3,000 fodder 

1,000 

100 

October 

4,000 fodder 

600 

Nos ember 

2,000 fodder 

400 



13.000 

7,200 

2.040 


Asia, as well as shnmp, which commonly invade such ponds, and comm 
carp fry 

Milkfish (Chanos chanos), which feed on fresh and decaying 
cultured along with striped mullet and Chinese carps in slightly ^ 
ponds m Taiwan Plankton Ceeders predominate in such ponds ^ ^ 
carp are few but heavily fed Table 12 is a feeding schedule for 
community, consisting of 3000 stnped mullet, 2000 silver carp an ‘ 
head, 2000 milkfish, 1000 mud carp, 500 common carp, and 250 grass ca 
for a total of 8750 fish in a I ha pond Total production of such a pon 
about 3500 kg/ha of fish Kong, 

Stnped mullet are also stocked m slightly braclush ponds m Hong 
where they are readily available Wlien they have reached a 
about 12 cm the slock is thinned by fishing Mud carp are stocked 
lively large numbers since they do not attain as large a sue as the o 
speaes Bream are sometimes stocked as welL . jq 

The customary method of growing carp in Hong Kong « ^ 

that practiced in Malaysia (discussed earlier) with animal feces ^ 
fertilizer Such culture is sail earned on to some extent, but it has ru 
against the types of difficulties one might expect would be crea ^ 
sudi practices in an urbanized area As a result many fish use 

Hong Kong are switching to fry culture, which does not require ^ ^ 
of animal manures Slocking systems used in growing ponds 1 
deep in Hong Kong are shown in Table 13 
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TABLE 13. 


STOCKING 


rates of CHINESE CARPS AND MULLET 


IN PONDS IN 


HONG KONG 

SPECIES 

LENGTH OF 

FRY (cm) 

NUMBER OF 

1 

finceruncs per ha 

11 ni 

Striped mullet 

Grass carp 

Silver carp 

Big head 

Mud carp 

Common carp 

Total 

2.5- 4.5 
5.0-10.0 

7.5 

7.5 

50 

50 

12.000 

1.524 

2,208 

1,536 

9.600 

26,8^ 

27,360 

300 

2.568 

524 

3.120 

“33572 

700 

600 

600 

9,000 

4,800 

30,7M 


j China and North Vietnam, the 

mid - 

phasized. The numbers ot mud carp and grass p . 

I, ,h, .i -pp'"!- '■y. XS * ■« 

available, few black carp are ^ in peater numbers 

tropical climate. Silver carp and big he 

in the deeper ponds (Table 14). 

Some very shallow ponds (about 6 > ^ ^ by the low 

also stocked, carp and mud carp may 

total number of fish stocked (laoie j -nH nrp thus not 

suKer mortality due to “'J'™'"*’' sed to hold surplus fish 
Stocked in sucli ponds. Shallow ponds ar 


TABLE 14. STOCKING RATES OF CHINESE CARPS 
RIVER VALLEY OF CHINA AND NORTH VIETNAM 


IN DEEP PONDS IN THE WEST 


number of fish stocked per ha 


LENGTH OF 
SPECIES FISH (CM) 


Grass carp 

6 0-15,0 

Silver carp 

10.0 

Big head 

100 

Mud carp 

7.5 

Common carp 

5.0 

Black carp 

5 . 0 - 10.0 

Bream 

7.5 




PONDS WITH AVERAGE 
depth OF 1 ^ M 

~~i "“Ti in 

1^00 60 o” 

300 240 600 

300 240 1,200 

1^00 4,800 — 

1^200 360 3.600 

100 24 120 

■:i;5o0 6.8M 6,1^ 


PONDS WITH AVERAGE 
DEPTH OF 2 M 


IV 

V 

VT 

480 

1,200 

1,800 

400 

510 

1,800 

400 

2.400 

3.000 

7.200 


1,200 

300 

60 

— 

150 

COO 

— 

— 




5,250 

9,600 

10,850 
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TABLE 15 STOCKING RATES OF CHINESE CARPS IN SHALLO^V PONDS IN THI 
WEST RIVER VALLEY OF CHINA AND NORTH VIETNAM 


SPEHES 

INITIAL 

VVElCin OF 

EACH EISII (c) 

NUMBER OF YEARllNCS 

PER HA 

1 » 

Grass carp 

50 

240 

480 

Silver carp 

20 - 40 


972 

Big head 

100 -150 


240 

Common carp 

04- 05 

1,680 

972 

Total 


3,240 

2664 


in the ivinter In the summer the stock is removed, those indmduah 
which tveigh more than 500 g arc marketed, and the smaller fish are used 
to stock deeper ponds 

Pond culture practices in Malaysia and Thailand are based on the 
Chinese method, but more use is made of supplementary feeding 
carp in particular are heavily fed, since there is an abundance of suitable 
vegetable feed m the area With heavy feeding and the help of the ssarm 
tropical climate, fish grow rapidly and the cultunst may realize two crops 
per year hfost ponds in hfalaysia and Thailand are 1 2 to 1 5 m deep 
and would tlius be suitable for culture of mud carp despite the ht? 
surface temperatures However, since Chinese carps have only begun to 
be bred m the tropics, stocks are imported from China It is not econoitu 
cally feasible to import fry of a species which attains such a small ma^i 
mum Size as the mud carp so it is largely excluded from culture in 
Malaysia and Thailand 

^ Fish culture in this region might benefit from a more thorough in'csti 
gatitm of some of the cypnnids native to the region, many of which can 
easily be bred locally For example, the mata merah is a good table fis 
accepts a variety of foods, and can be bred in ponds in the tropics but i 
has only recently begun to see wide use m pond culture 

In addition to the stocking ratios shown m Table 16, Gopmath 
suggests a 2 1 1 3 ratio of grass carp, big head, silver carp, and 
carp for Malaysia 

In Singapore, the nursing and rearing period is extended to 8 
for Chinese carps (although not for common carp), at which tune t 
fish are transferred to fattening ponds for 6 months Stocking ratios 
m both periods are shown in Table 17 The native tawes, bream 
Java tilapia (Tilapia mossambtea) may supplement or replace the 
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TABLE 16 STOCKING RATES OF CHINESE CARPS IN PONDS IN MALAYS.A_ 


INITIAL 
WEIGHT OF 
EACH FISH (C) 


I OF FISH STOCKED PER HA 


Grass carp 
Big head 
Silver carp 
Common carp 
Total 


350-600 
350-600 
350-600 
30- 60 


300 

100 

100 

145 

645 


320 

120 

125 

150 

715 


375 

75 

75 

120 


500 

175 

200 

250 

1,125 


carp as a herbivore and mud carp or ca.la (Catla catla) ™ay lotally or 
parLlly fill the omnivore niche usually given over to common carp 
The only significant monoculture 

p 209-210) 

POND FERTILIZATION 

Pond fertihration is always practiced in Chmese -P 
and amount ot fertiluer used depend on the f 

and water supply and the quantity ol lat 

An excess ot fen.luer may cause “=‘>8“ 

point the role ot tert.hzei in ° „,ore plankton is 

stated succinctly The more ‘ (,,e ,„ore plankton eating fish 

available The more plankton >" *'“ P althoiigli the principal 

that can be grown However, plankton leeuers. an b P i 

constituents ot most pond fish communities, are not the onlyjieaes 


table 17 

STOCKING RATES OF CHINESE CARPS IN PONDS IN S.NGARORE 

SPECIES 

S\ EIGHT OF 

FR\ PUT INTO 
THE NURSERY (C) 

NO STOCKED 

PER HA 

WEIGHT OF 

FISH STOCKED 

IS FATTENING 
POND (C) 

NO STOCKED 

PER HA 

Grass carp 

30 

1,250 

250 

250 

1,500 

2 000 

150 

Big head 

40 

1,800 

175 

Silver carp 

40 


225 

Common carp 30 

Toni 

Ttso 


1,000 
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cultured The general effect ol fertilizers on other groups of fish m y 
summarized as follows 

Midwaler carnivore! benefit from in the 

plankton feeders for they are several links removed from plankton 

"tertmorcr that feed on higher plants are 

mentary feeding in pond culture, so they neither benefit nor suffer 

^“eders are usuallyadversely affected by die type off^^^^^ 

used in polyculture Fertilization may ^caiy 

benthos, but this frequently is cancelled by the ,he 

plankton bloom, which reduces productivity in the bottom y 

^Trmli fish are of several varieties, but many of the 
plankton feeders, in which case they benefit greatly from feruhza 

The traditional methods of fertilizing growing poni in the F^ 
insolve organic fertilizers, usually animal manures ^or 

expenmental evidence suggesting that inorganic fertilizers are s 
Research in Malaysia companng the two types ol lertilizm s 
once a pond has been treated with the proper amount of lime to a 
a neutral pH, superphosphate is the only fertilizer needed to 

fish production Ascomparedtoorganiclertihzers.superphospha • rV 

at 333 kg/ha. produced better growth of blue-green algae, t F 
cipal agents of nitrogen fixation in ponds, reduced produaion o 
fluous algae, which limits benthic productivity, lessened the “"8 „ 

oxygen deficiency due to overfertilization or a sudden ,0 

die-off, and diminished the need for supplementary feeding w i 
Itself may contribute excess ferulizer 

Continued use of organic fertilizers has been justified on the ^ 
cost, but considering the small amount of labor required to y 
phosphate, the slight expeme, and the smaller amount ol feed 
when It is used, inorganic fertilization may actually be chea^ 
ol superphosphate is gradually bang adopted by commeraal lis 
ists though not by subsistence farmers, in Malaysia, but it wall 
time before substantial amounu of inorganic fatilizers can be 
from land use in much ol the Far East. The longterm 
game fertilizers on ecosyslems have not been investigated, but expv 
m North America suggests iliat caution is in order 

There are many local methods of preparing and applying orga 
uond fertilizers but the one universally used method, fertilizauo y 
£h UiSselves. is olten not thought of as such. Femlization by fish 
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F.C. 4, Profile of integrated aquaculture-agrirulture rytten, used in Singapore. (After 

Ho. 1961.) 

particularly effective where grass carp are of 

contain partially digested plant remains, whtch decay to the beneht 

'”cX"ost for pond fertilization may be prepared similarly to that umd 

in terrestrial agriculture. In the Kiangsu an placed in a 

grass, sheep manure, and human manure in ® ■ . filled with 

Lie in the ground with 1% of quicklime. The hole is 

water and sealed with clay, and the contents are allowed ^ 

needed. Compost may also be ‘ ’^eL’mes. or plants of the 

Kwangsi provinces, manure is mixed with ’ f . •« o nnnrl 

chrysanthemum family, placed in the water around P°"L 

and turned over daily until consumed^ f.2^ratio''whh water, strain the 
a similar result is to mix manure in a 1.2 ^rnnnfl the edee of 

resulting soup, retain the liquid portion, and pour it around edge of 

’ Tte^on interesting and diomugh use of oi^nic “' 

nese carp ailture occurs in Singapore, where is i, grow P 
ChineseLr as a subsidence crop by W - - 
Operation which also includes fruits, \cgc . » ^ of cuch a 

such cash crops .rubber - V"oiI — VhL X: mrrestrial 

^emulL' nr/tL^'^ay’ downhill to the fish 
the human inh.abitants also contribute their s la ,..1,0 . 

but it is the pigs (or cattle or ^ ^ ^,:V;^o .,.^0;^^^ 

Muslims, arc forbidden to raise pigs) wlucli arc me cy 1 
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^,anu^e fro™ .he p,g s.y .s pcnodjcaffy 

usually receives no other direct fcrtiliration In time ^ 

dilute solution of lertihrer, vvhicli rnay '>= “PP .“^rporaled 

odicall) the sludge at the bottom of the pond is dug out and in p 

into vegetable beds rinnese carp pnds m 

Pigs are also used as a source of fertilizer lor China P ^ 

Hong Kong Thailand, and China s Kwangtiing P^^tnee In Ho g 
100 pigs vfeighing about 30 Vg each or 2500 > JpS 

overhanging the uaier are considered adequate to fer jn^o^esia 

Human waste is used m some areas, and m South C 
latrines are built over fish ponds for tins purpose 


YIELDS 

Reliable data on yields achieved through pond 1“’!'™’“''^ *'750C 

East are scarce, but it is knoivn that under favorable arcu 
to 8000 kg/ha may be attained The average yield ^ chins 

IS estimated at neatly 4000 kg/ha in Malaysia and 5000 kg/ 
and Taiwan Despite the scaraty of hard data it is certain t ) 
freshwater pnd fish culture in the Far East are high compa ^ 

normally achieved elsewhere, and that the practice of polycuit 
great deal to do with this success , 

That It IS the technique of polyculiure and not the speaes 
tured the type of feed or fertilizer, or some accidental ^een 

environment which is primarily responsible for high yie 
demonstrated by Russian expenments Polyculiure, without 
grass carp silver carp, and big head with common carp m P°^ m 

used for monoculture of common carp has resulted in pro ,0 

creases of 400 to 600 kg/ha in Central Russia and 600 to of 

the South With feeding and intensive pond fertilization, ^,ron 
3000 to 4000 kg/ha have been achievwl E\en m the rather steri 


ment of a common carp pond in a peat hag addition of 
silver carp increased total fish production by 127 l^g/ha. 
reduction in food expenditures 


and 


HARVESl AND MARKETING 


A large percenUge, perhaps as much as 50% of the com 

of Asia is used as a means of subsutence Harvest and mar 


of Asia IS useu ko a „,,nner descnt> 

raeraally raised Chinese carps generally proceed m the 


earlier for common carp Howeser, the Chinese carps, partici 
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should be carried out in d semidormant, 

temperature; at temperatures of 1 j P j ^ transported 

but above 10-C they become very 7 7 .guiter solu- 

at high temperatures. f “L.^/solution of urethane is eltective 

tion of sodium barbital or a 1 to 4 g/ t oc c ^ 9 °r 

in transporting Chinese carps at temperatures of 25.5 to 32 C. 


PARASITES AND DISEASES 

■ ■ ■ . • a result of their nervous temperament, 

In addition to injuries sustained as a parasites and diseases. 

Chinese carps * ta«rcaTpTL°v e not been recorded as 

Most of dm °7,th bu 0^0 of "Lm. notably the tapeworm 

causing disease in Asian nsn, oui soii» , 

Dothriocephttlus gowhongcnsis, , ^European cyprinids. At 

China, have become Eav^a badmputation 

present Chinese carps, or at least the gr probably present no greater 

Europe as spreaders of ^ ^P^ ^ introductions of 

problems in this regard than are o 

exotic species. Nor are European fish J ean fish. The parasitic 

ctrps have been infested with diseases tvncreasilosis and 

diseases coccidiosis, lernaeosis, P°^“’ 'P far been recorded for 

.. ..>1 “ f ’ o» p«:..all.n .nd 


PROSPECTUS 

RESEARCH IN POND FERTILIZATION 

Problems of an esthetic or ™t«!”in ^nd 

lice of using animal manures, P ;/f„,;iizers may eventually 

fertiliration. Research in the urn „.p ,„„g.n,nge elfecis 

result in the elimination of j"' „ undesirable side elleets 

on production may be '"’/“'‘’"P’p. ^ (or scientific esaliiation of 

may be inairrcd. There is a definite n 
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Asian fish pond fcriihzation tcdmiqucs, nol onlj >n 
ing fish production, hut Irom a more holistic sicv point as 

SELFCTI\E ERFFDING AND inBUIDI/^TION 

Another promitinB area tor improxcment. throngli 

carp culture cotnpntea select.te hreetl.ng and ” t^ S 

ot spanning Chinese carps in captisilj w loo sliort for srfe 

to base accomplished signihcant improsemenl of r''’’ . „„ 

proceeding in seseral countries Ilybridiralton has , x 

interesting results Male silver carp X female big heat an 

common carp hybrids (sexes of the parents nnVnoun) pr ^ 

wan both show indicaiions of growing faster than coO 

latter cross is especially interesting, for a bottom-dwelling o 

bmmg the resistance to cold and large sire of the common 

superior table qualities and nondcstnictise fceslmg ** ”** *^tt«*hsbn(h 

carp would be a most desirable fish for |>ond oiburc. All pos'> 

ot big head, grass can>. and silser carp base licen ^ 

Tzimljanshojc Hatcliery in Ihe Sosiel Union, and some ol ^ 

show superior grosstli eharacteristio as well as high siabihl) 

rakers ot the h)bndi are interroedialc in sire and smicmre lo 

the parents, suggesting intermediate feeding liabils. whiclt mig 1 ^ 

useful in pond! where ihc cliaractcnslics ot ihc plankton popui 

knowTi 


USE OF NEW SPECIES 

New speaes as well as new hybnds will surely be brought into 
ture Many of the native southeast Asian speaes, a number ® 
have been discussed here, may be superior to the true Chm^ hwc* 
culture in tropical climates Recently the Department of ^^-er 

Thailand has begun to study the pla kaho (Caffacocpio 
fish native to that country, for possible use in pond culture in 

government is also interested in new species for culture, 
the northern part of the country Among the cypnnid spwes 
under consideration are Elopichthys bambusa, Erythroculter » ' 
mts, Hemiculter levisculus, and Xenocypris argentea 

SPREAD OF POLYCULTURE 

Of course Chinese carps, particularly the grass carp 
tophagous counterpart in many countries, will continue to be 
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about tite world But tn many countnes the adaptatton 
to polyculture seems at least as promising For ms an analog oE 

where fish culture is scarcely trft dy ™ 

Chinese carp culture using various membe Y j 

which rivals the Asian Cyprimdae in number ,7“;Vb,.c 

hie habits In fact, while Chinese carp ™lmre 

Will conUnue to be vital to the peop > npnole but to the 

Oh,n™ S* ™.™.. "-I “ "■»>' 

world, as the contingencies o£ population ex centuries ago 

force us all to apply the pnnciples of ecology as they did centuries ag 
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tTirli*! need protein. E^cn the 
It Ins become a cliche that the prop n,agni„Klc of 

moil socially unaware persons Iia ,„r,„,tum to dcmonsiratc tliat 

India’s problem. One can ^^^niil crisis, but hosseser 

India is ui a steadily A%or?ening state o 
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Plate 1 Caila (Cat/a <atla) (Coufieiy V G Jhingian Central Inland Fuhene* 
March Institute Barrackpore ^Vot Bengal India) 


one defines the problem it is clear that the solution, if there is 
be one, will not come as any single panacea, but from effectiie popul* 
control coupled with increased and more effioeni protein production 
many means, including hsh culture 


Fish culture shows promise m India, for there is a considerable 


demand 


for fish (total landings of fish in 1965 amounted to ISSI thousand 
tons) a number of native fish well suited to culture, a tradition o 
culture, and a great abundance of culinable waters (an estima 
7,307,642 ha of fresh and brackish ivaier) The potential for fish cu 
in India has not gone unnoticed, and according to R- V Pantulu J> 


merly of the Indian Fresh Water Fishenes Research Institute 


at Bar 


rackpore, fish culture opierations in India have increased sesenfo 
eightfold during the last decade Yet large areas of potentially nch v?a ^ 
still lie fallow and, technologically. Indian fish culture lags behind 
of the world ... 

Though brackish water culture is practiced in some are^ ”devcl 
the states of West Bengal and Kerala, freshwater culture is 


oped and will probably remain more important Freshwater 


fish culture 


- j but 

IS fasored not only by the availability of suitable waters ana 
by the strong preference for fresh fish in most parts of the 
permits locally raised freshwater fish to compete favorably with sa iw 


fish in inland areas 

As elsewhere in Asia, the most commonly cultured fish m 


India 


and 
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Pakistan are members oE the carp family 

used in fish culture are popularly separated m g P 

desirable species are «£erred to “ inTndir fish 

species are called minor J**® ^^^emefy dilficult to distinguish 

ailture largely because as fry they are X Minor earns 

from the m'ajlr carps, and ^ or ^s 

may also be deliberately stocked svh Mysore, a^third group, 

In the south of India, in the states of 

the Cauvety carps, largely *''%™'*^pXr'for introduction and 

Indian carps have not yet become pop /Cvtirinus cari)io) 

culture outside their native habitat “ ‘ ') 

or the Chinese carps, but theca a (Co o« 

diiced to Ceylon, experimentally ™ ^ carps 

Slates, and commeraally raised in M y ^ 

ha\e been recommended for use in the ii ippm 


ECOLOG/CAL NICHES OF THE INDIAN CAIIPS 
the major carps 

. • . . 1 ,,. niH the rohli (Labeo rohita), and the 

Tlie major carps “"P""' gome authorities also include 

mngal (C.rr/nnns f,^“r;,,"ce or four species arc often groivn 

the calbasii (laibeo colbmu). ^h^ ^ ‘ ,,y means as distino 

in pol)cuUurc, though their ecological n 7 
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Plate 3 Mngal (Cirrfctritti mrigala) (Comicsy V. C Jhmgran, 
erics Research Irutitute, Barrackpore, West Bengal. India) 


Central Inland Fish* 


and v/ell defined as iliose of the Chinese carps, nor is Indian 
, _ .. . . .. .... . .. .. - T« ocneral. the 


nearly as sophisticated as the ancient Chinese practice. In genera , 
catia feeds on plankton and decayed maaovegetation on the surface 
throughout the vater column, the rohu is a column feeder on deo) 
vegetation with a taste for higher plants, the mrigal a 
herbivore, and the calbasu a benthic omnivore. Certain of the C 
carps have been experimentally included in Indian carp poI)Cuhure s) 
terns and in the future further combinations of Indian carps, 
carps, and other fish may be expected in both experimental an P 
tical culture. 


THE CAUVERY CARPS 


The niches of the Cauvery carps overlap; thus polyculture of 
species could probably be enhanced by introduction of other 
The species association for fish culture m southern India has a 
been diversified by the introduction of catia. The caila joins the ^ ^ 
lipped carp (Labeo ftmbriatus), whirii consumes mostly filamentous 
and some zooplankton; the white carp (JOxrrhtnus cirrhosa), a p 
feeder with a preference for zooplankton, and the Cauvery carp ( 
konltus). which competes with the fringe-lipped carp for filam^ 
algae, but also eats pieces of plants and detritus. 
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THE MINOR CARPS 

M.nor carps present m fish ponds vary from region to 
those commonly found in one or another part of India 
(Cnrhmus reba). ivh.ch feeds largely ‘>"P''V“P^"kton and decayed 
Unts, the nag^dram fish (Osteoch.lus 

gmal feeder on filamentons algae and diatoms, and the sandkhol cjp 
[Thynmchthys sandkhot). ivlncli consumes mostly P''^ °P’“^™ P^^ 
Le zooplankton, also the bata (Lab.o fcata). the ^^P 

caruat,cus). Barbm chola, Labeo boga, Labeo dyoechdus, Labeo gomus, 

Labeo nandma, and Barbus sarana mn 

One more Indian cypnn.d should be mentioned the <>■"—“ “P 
per mahseer (Barbus ft«agonofr/ns) Not exactly a minor jj.^.he 

copper mahseer attains a maximum lengt o intlnn oolv 

some parts of India but is not included m the traditional Indian poly 

cultural scheme 


SP/UVN/NG THE INDIAN CARPS 

Tor manv years a major obstacle to the development of culture of the 
L^rnTarriias beei the inability of culturists to co-tsteotly breed 
them in captivity Alt species spawn naturally in and will not 

reproduce in standing water, although the major carps "-“V P" 
m specially constructed reservoirs or bunds, where there is enough cur 
rent to approximate river conditions The ^°PP=-' " C 
spawn in rinn.ng water ponds provided the temperature =>b°«t 20 C, 
or ripe fish may be hand stripped and the eggs fertilized .artificially 
Little m no efiLt has been expended on hand stripping or reservoir 
spawning ol the Cauvery carps or minor carps 


BUND SPAWNING 

Tlie technique of bund spawning can be applied only "''ere the drainage 
from an elusive catchment .area can be 

prcssion The low end of such a depression is blocked ofi by a strong 
embankment, so that during the rainy season 

inundate the depression Or a dam may be built in ' P, "uie lmd 
cenlrate n.nolf in one Jilace. from winch it I” 

During the drv season a minimum of 1 S m of wattr is mam mined in a 
pool ,ll„, loOO mS in area, which is stocked with catla roh.i, nirigal 
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and calbasu m a 4 2 1 1 ratio a. a ^ Bn. 

„,aj be d.si.ngu.shcd by "-'/“f “ ,e„t o( U^spanrtmg 

The exact number of fish slocked depe U 

area, about 1 fish per 15 ts „( each speoes 

,ust before the start of the monsoon, and 'h' 

ind sex estimated, so that buses can ^ grown 

Tlie spawning area is a fiat piece of la ^died when 

during the dry season so that dm water wdl ^ ^aneni 

It IS flooded It may comprise the entire bund other than I 
pool, or It may be just one MmCT of the channel 

When the rains come and flood the spawning gr through the 

rn the embankment is opened up so ''fJJ^^Tchtng m .fi« 
bund The breeders then more out of the pool “ ^ 

shallow areas Spawning usually occurs at night g 

or new moon , . Aratrmnz setnes 

When spawning is completed, the eggs are collect^ y jpami- 

about 4 m long X 1 5 m deep, made of mosquito "'"'"S- ^[,c„ de 

mg ground Unfortunately a large percentage of the ^ 
stroyed by being trampled by the fishermen The e^ _p,,ed with 

spawning pits dug as near as possible to the bund an PP^^ m 

bund water These pits may be 1 to 1 3 0 <* ™ ' ',he mlei w 

deep and accommodate from 100000 to $00,000 

the pit IS closed, the water temperature rises rapid y, ccquircd 

mg time to 12 to 18 hours, instead of the 50 hours that migh 

at lower temperatures -.prial decay 

The rate of hatching in these pits is low due to bact ^ ejected 
lack of aeration in the stagnant water Some improsement „ 

by suspending a hatching net or ' hapa" in a hatching P“- ^ arc 

rectangular m shape and constructed as a net vnthin a neu a, 

placed m the inner net, which is made of raatenal just ^jutcr 
hold them. The newly hatched larsae pass through into 

of fine cloth and are nursed there until they are 4 to 5 ayso 

time they have become fry 
artificially induced spawning 

As mentioned the technique of bund spawning may be of 

areas where the topography permits atie®P“ 

pituitary injections is more generally applicable. In ,t ,s 

anplY this technique to the Indian carps were made i achic'"^ 

«nlv in the last five or six years that consistent success 
(ftr a ^eral d.scuss.on of .nduced spawning wuh puumu, n» 
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.5, T.d., ... “ 

qprinids are bred m this nia . correct dosage. Pituitaries 

the quality o£ from fully mature, ripe, or freshly 

used m induction should be tak spawned, or a very 

spawned fish of the same spect ^ depending on the stage of 

closely related species. Dosage is • ^ j ^ o^y with fully 

maturity of the breeders. Since best Lcribed. 

mature fish, only dosages for sue i s s 4,year-old fish 

Breeders are usually selected from 1.5- to 5^0 kg, 2 

stocked in ”°"thw<^t monsoon, then segregated 

which usually coincides with ,lptermined; fully mature spea- 

at maturity. Maturity of males is e y Selection of females 

mens ooze milt when the abdomen is gen y p . abdomens and 

is more difiicult, hut fish svith f Sso^e us^ 

swollen, reddish vents are preferred. A catheter may 

"rtraLscular injections are .terwhilTmM:! 

the shoulder region. Females are 

receive only one . , bidy weight, after which the sexes 

of 2 to 3 mg of pituitary extract/kg of body we g ^ 

remain separated for 6 more hou . 

to the first injection administered to females, 

a second dose of 5 to 8 mg/kg. in ctouds of three 

Following this injection, the fish *!;;^rto 6-5 

(two males and one female) in po,es in the marginal 

surface area and 0.9 m ^eep. fi ^ P^^.^ 3 g hours, but 

waters of ponds. Spawning J ^ P ,^3 ^nly are given a third, 

if after 10 to 12 hours no spawning occurs, lem j 

slightly higher dosage of (about 27°C for most species), 

“'be water temperaturi P ^jj^'j^athod. Once the eggs liave 

GO to 1007„ success may be “P^'™ J transferred, in batches 

hardened, 8 to 10 hours “""'f g Jj„ Jbatcliing hapas set in mar- 
of 75,000 to 1,000,000, to 1.6*m , • . . , 10 hours at 27 to 31®C. 

giiial waters of ponds, where they hatch in ^ >’°“7 

Spawners may be samficed “ morl prevalent in India, 

As induced spawning of .^P ^ \ j aarps can assume greater 

selectiie brewing and W -"" IndianLps with each other 

importance. Experimental hybrid resulting offspring 

and with Chinese carps lias incapable of survival, 

base for the most P“" '’^.V X 9 rohu. which combines the 

One exception is the hybrid « • 

wide body of Ihe calla svilli the small head ol 
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give It an advantage at the market wherever consumers do not eat the 
head oi the fish while at the same time effectively giving the con 
more nounshment [or his money The catla X rohu hybrid is fertile 
has produced a healthy generation 

Despite recent improvements in induced spawning methods 
source of stock for culture in India and Pakistan continues to be cone 
tions of eggs larvae fry and fingerhngs taken from rivers 

COLLECTION OF EGGS LARVAE FRY AND FINGERLINGS 


COLLECTION AND HATCHING OF EGGS 

Eggs are collected only from the Halda River in the Chittagong area 
Bangladesh Drifting fertilized eggs are captured 12 to H hours 
spawning which generally takes place within 3 weeks before ^ 
each full moon from April through July The prease time of pea^ 
mg IS determined by test collections at the start of the season The nu 
her of eggs caught in these collections enables the collectors to lo^ 
the peak of spawning so that they can fish about that lime or s or y 
after when the maximum number of eggs is available ^ 

The net used in egg colleciing is simple consisting of no more t 
rectangular piece of mosquito netting II to 12 m long and 2 7 m ' 
with a bamboo pole attached at each end Such nets are usually 
b) two men m a boat stationed at right angles to the current but t cj 
may also be moored in the river or used by men wading 

Captured eggs may be placed in a compartment of the collecting 
for some time esen up to hatching but this results in high ^ 

due to congestion and inadequate aeration Better methods of ho 
and hatching eggs involve nets suspended from a bamboo 
bamboo baskets lined with fine cloth and suspended in the ri\er f 
4) or hatching pits dug in the river bank and supplied with ^ 
through a system of pipes Suspended nets are more often used as 
temporary device to accommodate the eggs immediately upon coUe 
after which the eggs are transferred to pits or baskets which are be i 
to produce healthier lanae A typical hatching pit was 448 cm long 
cm wide X 46 cm deep and could accommodate 120 to 300 kg o 
(900 000 to 2 200 000 eggs) ^ 

The hatching rate in all these traditional devices is usually 2a to 
Someishat better results may be obtained using hatching pits in coi^l 
tion with the double net de\ice already described in connection 
bund spavming 



’ r «« and treshly hatched larvae of Indian 

„E 4 Hatching cnclotnic or Search Imt.tute, Barraclt- 

ps {Courtesy V G Jhingran, Central Inl 
ce, West Bengal. India) 

• ■ TLTcpnrtT OF LARVAE AND FRY 

DLLECTION AND TRANSPORT Of 

■K. .... ..U«- * “.S'.Ss"" 

lanks o£ rivers where tlie ^rrent ^ f™.collectinc nets are fixed in 1 to 
mall creel-s. In such s we funnel shaped, tapering from 

i m deep water (Plate j) Th is 

2.5 to 3.5 m wide at the ^jngs may be attaclied at the 

kept open by means of a ring. j^mchable tail piece, or “gamcha,” 

mouth so as to cover a wide area. gamcha may 

shaped like a monk’s hood, is attach^ 

he r to 2 m long and 40 to 100 - jf^^^jJj^^To ^ocal need. Equally 
dimensions of fry nets vary y mosquito netting or 

variable is the mesh of the net, ” conducted by the Allahabad 

nearly any available cloth Research Institute have shown 

Substation of the Central Inla „ ,;yg than the materials in general 
that 0.3 cm. netting is much Xre there is a last current and 

use. Finer netting may be callea 
low turbidity. 
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PtATt 5 Net (or collrcting ary try m Indian men. (Counwy \ C Jhmgn^ 
Inland Fisheries Research Institute Barrackpore ^\est Bengal India) 


Fry nets are anchored in ihe stream bottom by bamboo polo 
eadi at the mouth and middle of the net and one at the tail 
a battery of 15 to 25 nets owned and operated by a group of 7 “ 

fishermen is placed at each collection site WTiile the nets are m use 
fishermen in a boat mose from net to net emptying the gamchas 
to 1 hour or as often as is necessary to present crowding of the a 
Captured fry and larsae are passed through a wre or bamboo siese 
separate them from debris then transported in large earthen 
rectangular cloth lisc wells about 2 m long X 1 2o m wide X 0 7 ui 
anchored in the nser so that the top is just abose the water ^ 

aserage dail) caidi from one fry net maj be from 300 000 to ToO 000 
and larsae- 

The next step is transportation of the fry to market at one o ^ 
larger aties sshere they are sold to owners of nurseries for 
fingerling size. The classical conuiner for transport is an open ^ 
sessel of sanable size called a hundi The density of fry m a ^ 
vanes according to the lime to be spent in transit (Table 1) ,^.ater 

Hosveser many fry are to be transported it is adsisable that the '' 
in the bundles be kept constantly agitated Manual agitation is ^ 

necessary as when by are shipped by rail and the tram is stopp^ 
suiion Oxygen depletion is funlicr presented by the addition o a 
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TABLE 1. NUMBERS OF INDIAN CARP FRY 
EARTHEN HUNDIES OF 27.3'LITER CAPACITY 

RECOMMENDED FOR 

TRANSPORT IN 

LENGTH OF 

FRY (mm) 

NO PER 

HUNDI 

MAXIMUM 

DURATION OF 

TRANSPORT 

(hours) 

PERCENTAGE 

OF MORTALITY 

12-19 

19-25 

25-51 

51-77 

1,500 

1.200 

1,000 

800 

500-800 

200 

24 

36 

20 

30 

24 

8 

2 -5 

2 -5 

2 -5 

2 -5 

10.0 

10.0 


source; Alikunhi (1957). 

100 g of colloidal earth to each hundi. It has been -ggested tltat the 
colloidal earth serves as a buffer to mainta.n P^pe-- f H, but tu pnnop 
function is to attract and concentrate m the bottom sludge dead try 

and other potential sour«s ^ containers 

mL"eTmeta^or^L^tnd equipped with cirnt^m^^^^ 

device, or a supply of oxygen have 

but many fry are still motion of the transport convey- 

agitation of the water by hand or by tnc mnt'iincrs are 

ale. Even without supplementary The 

sometimes preferred to hundis metal containers with 

number of fry which can be traroimr 

and witliout oxygen is slmwn ,nTabl . .__^ ^ 

m transporting Indian carp try, tnc ni ^ , ov 

has been estimated for different 'o- to OO-litcr earthen 

On arrival at the market the “>1 'oO g of colloidal earth. After 
^oid:rrhlltovcd wit., it dm dead larwe 

Young fry sold at market Chinese 

car,u. for no method of fry- sorting^^^ p^^ although 

cat[« (sec Chapter 3) lias P ^ separated from other 

numerous attempts base been made. Cada^c^ fry in a tall, narrow con- 
siH-cics with fair success by placing dt , severely dciilcicil. at 

laincr and allotsing the oxygen ‘“PPj^ , of them can be 

Mliich ,mint the cada come to dm surface . 1 ^^^ 
iVimmcil off, iiut the other sjx:rics 
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iNniAN CARP FRY RECOMMENDED FOR TRANSPORT I 


INITIAL 

DISSOLVED 

OXYGEN 

CONTENT 

(ppm) 


SIZE OF 

fry to be 

TRANSPORTED 

(mm) 


AO OF FRY TO 
BE PUT IN EACH 

CONTAINER 


APPRO^*'**^ 
SAFE PERIOD 
during SVIIICH 
transport can 

BE EFFECTED 

(MIN) 

19 


4 

4 

4 

4 

4 

4 

4 

5 
5 
5 
5 
5 
5 
5 


6 

6 

6 

oxygenated 

oxygenated 

oxygenated 


6-7 

6-7 

6-7 

15-20 

15-20 

30 

30 

6-7 

6-7 

6-7 

15-20 

15-20 

30 

SO 

6-7 

6-7 

6-7 

15-20 

15-20 

30 


30 


12-20 

39-51 

25-32 


50,000 

30.000 

20.000 
1.000 

500 

300 

150 

50.000 

30.000 

20,000 

1.000 

500 

300 

150 

50.000 

30.000 

20.000 
1.000 

500 

300 

150 

1,000-1,250 

500 

400 


31 

47 

40 


120 

240 

25 

42 

62 

60 

120 

165 

330 

31 

51 

77 

75 

150 

207 

4I4 

12 hours 

24 hours 

16 hours 


SOURCE Alikunhi (1957) 


and 


Chinese carps do About all that can be done othermse is to ihe 

discard young predatory Ssh, most of which are slightly “JS but 

carp fry, by sieving Visual identification of advanced try i F 
excessively tedious 


COLLECTION 


CONDITIONING OF FINGERLINGS 


, and Camery carp ‘ 


Piraerlings as well as fry of catla. camatic carp, ana „;i'Ut«' 

^ ■ Madras and certain parts of East Bengal. Del . 


collected in 
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TABLE 3. MINIMUM VOLUME OF WATER REQUIRED 
INDIAN CARP TRY OF DIFFERENT SIZE CROUPS 


LENGTH OF 
FRY (cm) 

3-5 

2-4 

2-4 

1-2 


AV. WT. OF 
FRY (G) 

Tm 

0.92 

0.35 

025 

0.076 


DURING TRANSPORT BY 


MINIMUM WATER 
VOLUME REQUIRED 
PER FRY (CC) 

25 

15 

8 

7 

2 


source: Saha et al. (1956). 


Pradesh. Fingerlings are collected from back wa.ers 

fields, irrigation channels, tanks, and so on, which they ^ 

rivers. In such confined waters they may be captured with ^cmes^dip 

nets, cast nets. or. in Madras, wiUi special cecungular basket traps mad^ 

ci palmyra roots, called ■'mavtilu." These traps 1.2 

ivide, and 0.9 to 1.2 m high, are placed in gaps in . voune 

channels for the express purpose of obstructing t le m Tlonir the 

fish. A number of holes about 15 cm in diameter are located a ^g_.he 

side of the mavulu near the bottom. Fish enter t le lo narrowinir 

the trap but find it very of Andhra 

funnel-shaped siruclures connected to each 1 - P mrifril 

Pradesh state, similar traps are used to collect fingerlings o «da mr gak 
and fringe-lipped carp from irrigated paddy fields, ry , ‘ 

enter paddy fields naturally in June and July and are alloned to gron 
there until September or October, svhen they me trappe . 

In the Cauvery River delta Indian carp rmBerlmgs 
regulating the flow of water through imption sliures. • g 
grcgaie below the sluices ^of .about 4 hours and 

d.“d seining. Sin. by ^e fingerling 

stage Indian carps have actpiired adult speofie characters, they are easily 

sorted ^isually. ilicv mav he transporletl in 

If the fingerlings arc lo be stocked near )► ^ > Y it is 

jars and slocketl immcdialcly. but if the rearing lion • • ^ 

, considered advisable -o ;con;>=.:on--'- » “ ^ w:;ef coml:^ 

excreta in the gut. If fingerlings are transporicai in .....™i., 

Bitliont conditioning, fe<« and vomited remnants ” 

pollute the water. Conditioning accustom the fish 

starvation for -IS to 72 lioiirs, allliougli it may at o l j 

to crowded conditions. Rapid elimination of food and feces may Ik 
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actaeved by placng .he 

splashmg water on them f “ “f “"f ,.as been made of to 

pass excreta and vom.t “fbeen suggested that some 

;,ress factor mduced by tins pract.ce It ha been s 
feeding with animalcules such as dadocerans may P 
starvation in both conditioning ^jes svll.ch on be 

Practically any container with mesh "" P"‘ . Conditioning 

placed in a pond or stream may be used for ® Pagerlingi 

Ltainers should be kept in a shaded '„„,e tor con 

from sudden changes in temperature. “ “P‘™ Conditioning mo 

ditioning IS considered to be between 26 and ^ by tb 

tamers should not he placed where the water will 
activities o£ fishermen 


NURSERY PONDS 


PREPARATION AND STOCKING 


Captured and conditioned hngerhngs may be placed ^ds to 

ponds to fatten them for consumption or stocked m re 
further intensive care Fry, however, must be "“csed ^ 

to insure their health and satisfactory growth Both seao __ 

r m A c !,.> -irM and 0 9 tO 0 « 


to insure their health and satisfactory growth Both se^Q ^ 
nial ponds, ranging from 7 to 0 5 ha m area and 0 ,n 

es 1 v-wea. fr-si- i-«ii«ine Tionus »» 


nial ponds, ranging irom / m* tu ^ . 

used as nurseries Sample stocking rates for nursing po 

Tabled ,,„nne a h«' “* 

Perennial ponds have the senous disadvantage of ar jaji be 

predators, parasites, and competitors of carp fry, w ponds i* '* 


predators, parasites, and competitors oi poi.— 

entirely eliminated For this reason, in stocking Stoc^^® 

best to scatter the fish, rather than dumping them a ^ ny and 
at night IS also advisable, since most fry predators fee acclini**^^ 

fry are espeaally vulnerable to predation during the pen 
lion to a new environment j t . ^ oond 


on to a new environment j t « a pon^ 

Temporary ^nds are somewhat belter, but the i-elati'C^y 


xcuipunnj »»w cv,...,-.... — . . r-elaU"'*/ i 

can be drained at the discretion of the cuUunst sun-dt’®* 

modernized nursery units in India, the ponds are raine jeguinn'®'^ 
before use the bottom is plowed and a short season CTop ^^gjting 
plants IS grown as a source of nitrogen for the soi _ 


plants IS grown as a source oi nitrogen loi ,s lescd- 

legume crop, the plants are plowed under and the 
Further fertilization may be carried out using v,T/ha hefot^ ‘ 

L reluse, m.xed wuh oil cake apphed at 200 to ,.e,gb.»> 

pond IS filled Vegetable manures are usually applied in P* 



TABLE 4. SAMPLE STOCKING RATES OF 


TYPE and/or 
AREA OF POND 


STAGE and/ 
OR SIZE 
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INDIAN CARPS IN NURS ERY PONDS 

DURATION 
OF REARING 

(days) 

f5-30 


approximate 
NUMBER PER HA 
OF WATER SURFACE 

"741,300-1,235,500, de^ 
pending on density 
of plankton avail- 
able as food 


Shallow, seasonal nurser- 
ies, 91-152 era deep, 
1,524 cm X 1,524 cm or 
1,828.8 cm X 914 cm in 
area, and paddy fields 
with a depth of over 
30 cm 

Seasonal nurseries 1,524- 
1,828 cm X 914-1,219 
cm X 91-122 cm 

Seasonal, shallow nurser- 
ies 1,524 cm X 1.524 cm 
in size and 91-122 cm 
depth 

0 62 ha in size 
Seasonal nuneries, 0.9- 
1.5 m deep, 2.4 X 3 m 
in size, or perennial 
ponds 1.8-3 6 m deep 
and 0.5 ha in area 
Cement cisterns 


Fry up to 
8.5 mm 


Fry up to 
8,5 mm 

Fry few 
hours 
to 3 days 
old 


Fry 


Fry up 
to 19- 
25 mm 


1,235.500-1.976.800 

222,390 without feed- 
ing. 1,235,500 with 
artificial feeding 


7,812,500 


8,401,400 without arti- 
ficial feeding (must 
be thinned after 10 
days) 


SO 

12-15 


source: Jhingran (1966). 


0,1 -ibnut the pond, so as to reduce 
dotvn with stones rather than scatter ‘ . ^ manure is placed in 

the danger of widespread .. .ewage is used as a fertilizer 

bags or baskets for the same reason. ^ Calcutta. In using sew- 

inTome areas, notably in the ^ 

age, care sliould be taken that llic • fprtilizers, though too expen- 

pond does not drop below 3 ppiu- an experimental basis, 

sive tor use by many culturists, Iiavc , j arid areas, where 

They would appear to be espedanyp™--B^^ ^ a 

organic manures arc relatiNCiy sea j on in- 

source ot humus for the soil, of the N-P-R mix- 

organic pond fertilization in India lias 
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.U.es, wuh h.ae .esung ct .he "rn/pa-'o"' 

n..x.ure. may be wasteful, as l.mnolog.cal data from maj^ p 

^;:soVvr.T„“nd.ar’fr;:ds, -v^aarr:! 

,s:.'L£," . » ... 

rool tor doubt In parts of Bangladrf. a 31 clfarly^ 

and superphosphate is applied to ponds at 555 lg/(h )(y > 

pond fertihtation practices in India and Pakisun can 

through research and by greater appreaation of the fact hat 

of the region vary widely in chemical characteristics, so , nr 

should be treated individually rather than according to some custom 


general formula . 

If the soil IS aad, it may also be necessary before filling to trea 
pond with hme until a fH of 8 or 9 is reached Large perennial i^na 
are generally aad, but 300 to 500 Vg/ha of lime is usually suffiaent 


conect this situation maior 

In ponds which cannot be drained and dned, pest control is a J 
preoccupation of the culiunsL Predators include fish such as the 
heads (Ophicephalus spp) frogs, several varieties of insect, and 
birds Competitors of the carp fry include many speaes of small, comm 
aally undesirable fish as well as tadpoles Fishing is usually inadequate 
control predator and competitor fish, and poisoning must often be re i 
on A number of pestiades of plant ongin are used, but the most common 
IS dems root powder Applied at 4 to 6 ppm, it eliminates virtually a 
fish as well as killing some aquatic insects and tadpoles Larger doses may 
be more effective but the prescribed dosage is preferred since it initia y 
only stuns the fish and edible predators can be salvaged by quickly 
fernng them to clear water Furtlier osnlrol of insects can be achiev 
by applying an emulsion of 56 kg of mustard or coconut oil and 18 g 
of washing soap per hectare These poisons lose their effectiveness v'lt 
2 to 12 days of application at which time manunng or stocking may 
initiated Ducks and geese must be fenced out of nursery ponds 

^Veeds may also cause a problem by competing for nutrients wn 
plankton and by providing hiding places for predators Manual or m^^ 
chanical removal is preferable to chemical control but the possibility o 
ecological control using shading or herbivorous fishes should be 
sidered A lengthier treatment of weed control methods follows m 


discussion of grooving ponds 
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FERTILIZATION OF NURSERY PONDS AND SUPPLEMENTARY FEEDING 
OF FRY 

The fry remain in the nursery 12 to 15 days and are not ord.nmily fed, 
since plankton produced by fertiliration is adequate lor growth It has 
been Lstomary to stock nurser.es when the water turns bottle green, 
indicating a heavy growth of phytoplankton Inorganic fertilizers are 
particularly effective in producing this condition Recent research, ow 
ever, has shown that early fry of the major carps prefer zooplankton 
Application of fresh or partially dried cow dung at about 11 000 to 16 000 
kg/ha will, after about 10 days, produce a vigorous growth of zooplankton 
lasting 7 to 10 days Heavier doses are actually less effective in producing 
zooplankton This sort of manuring should be carried out before stoc 
mg If the initial dose does not produce an adequate amount of zoo 
plankton, treatment may have to be repeated at 2500 kg/ha or less eve^ 
4 to 5 days until production is satisfactory Fertilizers applied after the 
pond IS filled should be handled in mucli the same manner as fertilizers 
placed in dry ponds they should be placed m a heap at one comer of 
The pond Or a separate culture of zooplankton may be grown in a small, 
heavily manured pond 

The presence of adequate quantities of zooplankton can be tested for 
very simply If 50 liters of pond water are filtered through a plankton 
net into a test tube and a few drops of formalin or a pinch of common 
salt IS added to kill the plankton, a layer of sediment about 1 cm deep 
should develop The color of the sediment, brown or green, indicates 
the relative proportions of zooplankton and phytoplankton, respectively 
If a pond simply does not produce enough food organisms, or if other 
problems such as deoxygenation or remvasion of predators develop, re 
fry may be transferred to another pond This is not necessarily an emer 
gency measure, as a change of environment may accelerate growth in 

any case , „ j l 

If a heavy bloom of phytoplankton develops, it ^7 controlled by 
dissolving cow dung or dye in the surface water to block the penetration 
of light mto deeper water An abundance of duckweed or other small 
floating plants serves the same purpose 

Some Indian carp ciiltunsts make use of artificial fry feeding Various 
types of dried and powdered oil cakes mixed with nee bran are the cus- 
tomary food although water fleas (Dap/mm) have also been recom 
mendrf The normal feeding sd.edule for oil cakes and nee bran is 

g^^en in Table 5 . , , , 

There has been speculation tliat oil cakes and nee bran placed in ponds 
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TABLE 5 FEEDING SOIEDULE FOR INDIAN CARE FRY 



ARTlllaAL FOOD TOTALUNC 

First five days after stocking 

One 10 two tunes the weight of the fry 
at stocking daily 

Seoand five days after stocking 

Two to three times the vvcight of the fry 
at stocking daily 

Third five days after stocking 

Tlirce to four times the vvcighi of the fry 
at stocking daily 


function more as fertiJjzer than as food Extensive feeding experiments 
carried out at the Central Inland Fisheries Research Substation, Cuttack, 
India compared the effects on common carp and roliu fry of 19 food 
Items, fed singly or in combinations of two, three, and four items, with 
ihe effects of the oil cake rice bran diet In lalxjraiory tests many of 
the diets studied produced better growth and/or survival iban did the 
normal diet. The best of the diets tested, a mixture of notonectids 
(aquatic insects) praums, and coupeas, was then field tested on nursery 
£17 of caila rohu. and silver carp Although fry of these speaes are 
pankion feeders m nature, all showed belter growth and survival on 
the mixture than on conventional dicu Mngal fry also grew well on 
compared to mngal fry fed oil cakes and ncc 


The Biometry Research Imtitute of the Indian Statistical Institute has 
been the sue of other research on diets for Indian carp fry. m this case 
involving m.cronutnents Addition of yeast, v.tam.n B complex, and 
^inam stomach extract with cobalt nitrate to ponds containing 3 to 
y-o ap nni fed fry of catla and rohu resulted in higher survival 
d. es^aa ly m the case of yeast, better growth Yeast and B complex 
Iso reduced density effects on survival Yeast, m particular, may find 
app cation m commercial culture of the Indian carps However, while 

^ growth n also decreases the total 

protein per gram dry weight ol fry 


REARING PONDS 

toth *>a.e reached a 

LuTand uauT <ap>^ m a fine mesh 

;mpar:^ior™™'.:;s";" 

Rearing ponds are poisoned, teruhzed. and it necessary I.med m the 
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TABLE 6 SAMPLE STOCKING RATES OF INDIAN CARPS IN REARING PONDS 


TYPE and/or 
AREA OF POND 


STAGE 

and/or 

SIZE 

(mm) 


APPROX NO 
PER lU ^VATER 
SURFACE 


DURATION 
or REARING 

(days) 


Perennial or seasonal 
reanng ponds, 122- 


2&-51 


49^420-74,130 with 


30-60 


183 cm deep, 0 62- 
1 24 ha in area, and 
paddy fields with a 
depth of 46 an or 
more 

Rearing ponds slightly 25-38 

larger than nursery 
ponds 

Perennial or seasonal 19-25 

reanng ponds retain 
ing water for a long 
period, but not deeper 
than 183 cm, long and 
narrow m shape for 
easy, inexpensive fish 
ing operations, and 
paddy fields 45-61 cm 
deep 


260-197,680 with 

regular feeding 


98,840-123,550 with 60 

out feeding, 148,- 
260-197,680 with 
artifiaal feeding 
24,710 without feed 60-90 

mg 197,680 with 
artifiaal feeding 


4.000- 5,000 60 

250.000- 500,000 


Reanng ponds 
Reanng ponds 


25-51 

35 


SOURCE Jhingran (1966) 


same manner as nursery ponds Stodung rates for reanng ponds are 

shown in Table 6 , j .u 

From tins time on. art.fic.al feeding .5 only rarely pract.ced tn the 
culture of the fnd.an carps, the plankton product.on of a fertthred pond 
providing adequate food for growth 


PRODUCTION PONDS 


PREPARATION 

Production ponds are prepared similarly to nursing and rearing ponds 
First all botSom deposifs are remoscd. either manually after draining or. 
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100 to 200 Vg/ha IS suffiaent except 

m carbonates prcaily one lecommenlled dosage for pr 

Manuring practices sary grea y 1^00 Vg of poultry nia 

non ponds IS 1000 Vg or more of cow dung. f„„,„er, such as od 

nnre, and 6000 Vg of used Water containtug 

cakes or commercial inorganic fc consumption TI'U 

STOCKING anharard 

Stocking practices in Indian carp elsewhere This 

when compared svith pol)ctdture practices in C na a 1^ 

IS partly due to the extreme dimcidly of distingtiishi g , tecli 

as fry, but also because the whole question of suilab e Hfcul 
niques for India has not been adetpiately axP''>"*' ‘ ked not stan 

numbers and proportions of the different species o fish stoex 
dardired neither is the sue at introduction lo •!'' a 
sires from fry to juveniles SOO mm long arc used ‘ante jjy 

sample ol >'anous stocking poliacs tvhich ha\e pro%en a 
satislactory . . g stock‘^S 

Since the charactenstics ol the bodies ol svater **'"**. _j.g jo 
practices are employed are unknown, it is not possi e ' 

SAMPLE STOCKING RATES OF INDIAN CARPS IN pROP^*^^ — ' 


TABLE 7 
SHE STOCKED 

50-100 mm 
75-130 mm 
juveniles 
8(L-130 mm 


FISll/llA 


SPEOES RATIO 


4 000 

ca no 


6250 


caila rohu mngal, 6 5 1 
calla rohu mngal 2 5 4 
catU rohu mngal. 5 5 4 
catU rohu mngal 5 6 1 

catla rohu mngal calbaso- 3 
atla rohu mngal. 5 3 


catU rohu mngal cal^ 


3 5 5 * 
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recommendations for pond stocking. In general, the numbers of the 
major carps stocked should be determined by the relative availability of 
preferred foods for each. Calbasu are usually added to the basic three 
species when there are mollusks available in the growing pond, since 
these are not utilized by the other major carps. 


GROWTH AND YIELDS OF INDIAN CARPS 

In stocking production ponds, allowance is usually made for an annual 
mortality of 30% or more. Very large fish bring poor prices, so Indian 
carps are seldom left in growing ponds longer than 3 years. Most fish are 
sold after the first year, at which time catla, rohu, mrigal, and calbasu 
may have attained weights of 900 to 4100, 675 to 900, 675 to 1800, and 
450 g, respectively. The Cauvery carps are smaller fish, attaining first- 
year weights of up to 450 g for the fringe-lipped carp, 3S0 g for the white 
carp, and 300 g for the Cauvery carp. In very fertile waters, comparable 
weights may be reached in as little as 6 to 8 months. Few data are avail- 
able on yields of Indian carp culture, but they vary widely. In semiwild 
waters, where the fish are merely stocked and forgotten until harvest, 
yields seldom exceed 110 kg/ha. With cultivation this expectation may 
be inaeased to 300 to 900 kg/ha. With artificial feeding yields as high as 
2802 kg/ha have been achieved. In recent experiments at the Central 
Indian Fisheries Researcli Station at Cuttack, the unprecedented yield of 
3564 kg/ha was obtained by stocking catla, rohu, mrigal, silver carp 
{Hypophthalmichthys molilrix), grass carp {Ctenopharyngodon idellus), 
common carp, and calbasu in the ratio of 6; 10:5:10:4:5: 1 at 5000/ha, with 
fertilization and supplementary feeding. 


marketing 

Indian carps usually are sold fresh, in accordance with the regional 
preference. Most fish are not sold directly to the consumer, but through 
various middlemen; sometimes as many as five are involved in handling 
one lot of fish. Obviously, this greatly Increases the price to the consumer 
and reduces the amount of protein food available to those who most 
need it. In some states of India, notably Ahmedabad and Maharashtra, 
cooperatives market a substantial proportion of fishery products at con- 
siderable saving to the consumer, a practice whicli may be extended to 
aquacuUural products. 
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PROBLEMS or INDIAN CARP CULTURE 

Among the routine problems {acing Indian fish cultunsts is the presence 
of unwanted plants in growing ponds Depending on the plant speaes to 
be dealt with, a diversity of methods, induding poisoning, is used in weed 
control Many of the most effective poisons are chlorinated hydrocarbons 
such as 2,4 D, which are scarcely to be recommended for introduction 
into ecosystems or human food supplies Other poisons, such as copper 
sulfate, sodium arsenite, and anhydrous ammonia gas, lack the long 
term cumulative effects and the dangers to man presented by the chlo- 
rinated hydrocarbons but they may be toxic to fish In all but the most 
desperate cases therefore, it is safer (and usually cheaper) to use mechani 
cal or ecological methods of plant control For floating weeds outright 
manual removal is the best treatment Emergent plants may be controlled 
by cutting of leaves at weekly intervals for about 6 to 8 weeks before 
fruiting Marginal weeds may be controlled by many methods including 
plowing under, grazing by livestock, burning during the dry season, or 
deepening the margin of the pond Rooted submerged weeds may be 
removed, albeit tvith considerable labor, by netting with strong nets, by 
dragging chains, or with the aid of various types of fork and rake 
The commonest agents of ecological weed control are herbivorous fish 
The most commonly used speaes for this purpose is the grass carp 
which in addition to destroying or reduang most submerged and 
emergent plants and adding to pond fish production, contributes to the 
nourishment of other fish by dropping partially digested plant remains 
in Its feces All four of the major carps and a number of the minor carps 
although unable to utilize fresh macrophytes as food, consume the par 
tially decayed plant material in grass carp feces However, grass carp 
are not a panacea for weed problems, since there are some plants, such 
as Etchornta and Salumia, which they eat only with reluctance if at all 
There is also the possibility that if grass carp find their way into natural 
watenvays they may be destnictne of the native flora Another herbivore 
already introduced to Ceylon for use in weed control, is the tawes {Barbus 
gomonotus) A number of speaes of tilapia. including Ttlapta melano 
pleura, Ttlapta mossambtca, Ttlapta nilotica, and Ttlapta ztlht, may 
effeaiiely amtrol certain typies of weed However. T mossambtca has on 
at least one occasion been found to depress total yield in polycuUure in 
volving catla (for details on use of tilapia in weed control, see p 375-S76) 
Another ecological method of weed control is shading Trees around 
the border of a pond may provide suffiaent shade to discourage marginal 
weeds but to control offshore weeds in most ponds the culiunsi must 
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rely either on floating plants sudi as duckweed (Lemna), individuals of 
which are small enough not to interfere with netting and routine manage- 
ment operations, or on creation of an algal bloom. A heavy bloom can 
be induced by repeated application o£ N-P-K fertilizers, but this may be 
prohibitively expensive. An unusual combination of effects results from 
application of superphosphate or urea at 50 ppm or more. These sub- 
stances at that concentration are toxic to most submerged plants, but they 
act as fertilizers and produce an algal bloom as well. The desirability of 
an algal bloom must of course be evaluated in terms of tlie characteristics 
of the individual pond and tlie feeding habits of the fish present. 

Other pond management practices used in India and Pakistan include 
the treatment of foul water by doses of 1.5 ppm or less of potassium per- 
manganate, raking the pond bottom to release accumulated gases, and 
addition of minute amounts of alum to settle suspended or colloidal 
matter and reduce turbidity. 

Among the diseases reported in Indian carps are gill rot, Saprolegnia 
infection, dye disease, fin rot, Ichthyophthiriasis, costiasis, argulosis, ligu- 
losis, gyrodactylosis, and dropsy. For a detailed discussion of some of these 
diseases and methods of treatment, the reader is referred to Davis (1953). 


PROSPECTUS AND RECOMMENDATIONS 

The prospectus for culture of the Indian carps is one of growth, as it 
must be if India’s protein crisis is to be abated or merely kept from 
worsening. Significant growth can be achieved if a greater proportion 
of India’s available waters are brought into fish production. But to even 
approach the type of production increase that is needed, great scientific, 
technological, and social strides must be made. Among the steps which 
must be taken are the followng; 

1. The ecological niches of the various Indian carps must be better 
understood, so that pond slocking and management can be carried out 
on a more rational basis. If research discloses that not all available nidies 
are being filled, additional species, for example some of the Chinese 
carps, could be introduced to Indian polyculiure. More precise knowl- 
edge of the ecological role played by the species cultured would also 
eliminate such unfortunate practices as encouraging a phytoplankton 
bloom in a pond full of zooplankton feeders. 

2. More effective means of spawning Indian carps must be developed. 
This almost certainly means perfecting e-xisting techniques of induced 
spawning by hormone injection. Only when Indian fish ailturists can 
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consistently and selectively spawn their stock will Indian fish culture 
approach its full potential 

3 When successful breeding is assured, it will be possible and desir 
able to proceed with experiments in selective breeding and perhaps 
hybridization 

4 Far better methods of hatching eggs must be adopted A hatching 
rate of 25 to 50% is simply not satisfactory for a major fish culture 
enterpnse 

5 Mortality in transportation of fry must be reduced and transport 
made more cfilaent Again the teclinology exists, but economic con 
siderations restnet its usage Some progress is being made in tins area, 
liowever 

6 As long as nver caught fry sustain a major portion of the market, 
there will be a need for a workable method of sorting fry to species The 
present inability of culturists to determine what species they are stocking 
renders current knowledge of suitable stocking ratios useless and results 
in inadvertent stocking of inefficient protein producers, that is, the minor 
carps 

7 More and more efficient hatcheries and culture stations must be 
built, using artificial ponds that can be drained and otherwise ecologi 
cally controlled Losses to predators and other natural hazards which 
could be controlled undoubtedly significantly reduce the total yield of 
Indian fish culture 

8 Much more research needs to be done on pond fertilization In 
conjunction with this research, surveys should be made of the chemical 
characteristics of Indian soil and waters so that the cultunst may know 
precisely what the effect of a certain dosage of a substance in a given 
pond will be This would eliminate loss of fish due to fouled water, 
unutilized phytoplankton blooms, and so on For the present at least, 
emphasis should continue to be placed on organic fertilizers, for ecologi 
cal as well as economic reasons, but inorganic fertilizers should not be 
Ignored 

9 Ecological means of weed control, particularly those invohmg 
herbivorous fish, should be encouraged and use of chlorinated hydro- 
carbon herbicides discouraged 

10 Artifiaal feeding of all ages of Indian carps should be studied, and 
if useful and eainomically feasible foods are found, such feeding should 
be encouraged 

11 Indian fishery and fish culture research should be directed toward 
potential application of its findings TTie Indian scientific literature 
should not be further burdened with masses of needlessly prease data 



CULTURE OF THE INDIAN CARPS 145 


detailing for example, die lengths of carp fry in liundreddis of a milli 
meter 

12 Cooperatives and other scliemes to eliminate middlemen and sup 
ply protein food efficiently and cheaply to those who need it should be 
encouraged and aided 

Though researcli undoubtedly holds the hey to many of the problems 
of Indian fish culture, given the urgency of the situation development 
must be given preference Implementation of presently known feasible 
techniques for increasing protein production in India is of utmost im 
portance and must succeed if India is to feed her people 
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BUrFALOnSH CULTURE 


RATIONALE FOR SELECTION OF BUFFALOFISH AS A CROP 

Fjsh farming m the United States is centered m the south central states, 
svhich are also among the largest producers of a number of agncukural 
crops including nee The history of commercial fish culture in the 
region is short, and stems from the institution, m the 1950s, of federal 
restnctions on the amount of land that could be planted to terrestrial 
crops Fish farming svas thus initiated as a profitable and legal altematne 
use for farm land Rice farmers t\ho must rotate their crops m order to 
maintain soil fertility, found the prospect of fish farming particularly 
inviting 

Among the most important commercial fishery products in the area 
are catfish {Ictaluriu spp) and a group of large suckers (family Cata 
stomidae) knoism as buflalofish (Icltobus spp) Both catfish and buffalo- 
fish had been expenmentally cultured in the early part of the twentieth 
century, when Amencan fish cultunsts uere still attempting to propagate 
virtually everything that svsam but little had been done uith them since 
that time Although buffalofish bnng only half the price of catfish, they 
were selected for the first attempts at fish nee rotauon and other forms of 
food fish culture. From a biologists point of view buffalofish seemed the 
logical choice, since they are low on the food chain, consuming pnnapally 
plankton, benthos and detritus Theoretically, therefore, more buffalo- 
fish than catfish can be produced in a given amount of water Fanners 
were also more enthusiastic about buffalofish because vshereas the cat 
fish fishery was fairly stable, the availability of buffalofish fluctuated 
seasonally A very crude form of buffalofish culture, consisting of no more 
than holding fishery-caught speamens in small ponds for sale during the 
off season, had been tried periodically, but very high mortality due to 
handling prevented it from being a sucres It was thought that intensive 
culture of buffalofish would enable the fanner to more profitably supply 
the off season demand 

SPECIES USED AND HYBRIDS 

There are three speaes of buffalofish, the bigmouth buffalo {lettobm 
cypTtnellus), the black buffalo {jettobus niger), and the smallmouth 
buffalo {Ictiobw bubaliu) all of which are fished commeraally All were 
cultured expenmentally, but the bigmouth buffalo was found to be 
supenor on all counts since it grows faster, matures earlier, and is more 
prolific than the other speaes 
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Ictiohus spp. hybridize in nature, and in 3963 to 1964 all possible 
hybrids of the three species were produced, under hatchery conditions, 
at the U.S. Fish Fanning Experimental Station at Stuttgart, Arkansas. 
Most of the hybrids were of academic interest only, but one, 9 1. niger 
X $ I. cyprincllus, exhibited 33% better growth in weight than either 
parent in experimental culture. This hybrid was subsequently recom- 
mended for practical culture, but it has not been well evaluated, since 
its introduction coincided with tlie decline of buffalofish culture. 

HISTORY OF BUFFALOFISH CULTURE 

Within a decade of the start of fish farming in the south central states, 
bigmouth and hybrid buffalo were supplanted as the chief fish crop by the 
channel catfish (Ictahirus punclattis) (for details on channel catfish cul- 
ture in the region see Chapter 6). Table 1 illustrates the change in 
relative importance of tlie two types of fish in Arkansas. 


TABLE 1. AREA DEVOTED TO CULTURE OF BUFFALOFISH AND CATFISH IN 
ARKANSAS, 1958-1966 



AREA OF WATER 

AREA OF WATER 


PRIMARILY DEVOTED 

PRIMARILY DEVOTED 


TO BUFFALOFISH 

TO CHANNEL CATFISH 

VEAR 

CULTURE (ha) 

CULTURE (ha) 

1958 

1.378 

0 



(some catfish grown 
as a supplemental 
crop with buffalo- 

1960 

1.434 

fish) 

100 

1963 

297 

428 

1066 

lOD 

5,800 


Today, monoculture of buffalofish is virtually nonexistent. The bulk 
of the buffalofish on the market is contributed by fisheries, with die rest 
coming from low-intensity polyculture, or buffalofish stocked as supple- 
mental fish in catfish ponds. 

Tlie reason for the wholesale switcli to catfish culture was that, as long 
as the culturist’s goal is to make a profit, southeast Asian methods, usually 
cited as a model for fish culture, arc not advantageous in the United 
Slates. Under the unusual, and perhaps temporary, economic conditions 
wlijch prevail in the United States, the farmer can usually afford to fce<l 
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fisli heavily on a diet rich in animal protein Under such circumstances 
he IS economically justified m producing the fish that fetches the highest 
pnee, regardless of ecological niche TIiis is demonstrated by the success 
in catfish farming of a number of cuUurtsts who realized low profits, or 
even net losses, from buffalofish farming 


BRfXDlNG AND REARING THE YOVNG 

SFLECTION AND CONDITIONING OF BROOD FISH 

One of the real advantages for culture of buffalofish is the case with which 
they can be spawned The first step in breeding buffalofish starts well 
before the spawning season, in February or earlier, when brood stock are 
selected and stocked in wint<*nng ponds Brood fish should he 1 S to 3 4 
kg in wciglii, and among the fastest growing fish of their age group One 
year-old fish, of whatever size, should not l>c used, because a large proper 
lion of the females arc likely to be immature 
Spawners should be free of disease and injuries, but buffalofish are 
rather delicate, and injuries may occur any time they are handled This 
can be guarded against by handling potential spawners a few at a time 
and covering vessels containing buffalofish to keep the jnicnor dark If, 
despite all precautions, some fisfi arc injured, the wounds may be swabbed 
with a piece of cotton dipped in 20% potassium permanganate Some 
culturists ratitincly disinfect breeders in 10 ppm jiotassium permanganate 
for 1 hour, followed liy 15 ppm formalin for 12 hours before slocking 
wintering ponds 

Satisfactory dimensions for a wintering pond arc 0 3 ha m area, and 
1 m in mean depth with some water up to 2 m deep Buffalofish are 
among those fish lint emit a substance which, in high concentration, 
inhibits spawning Cultunsis take advantage of this fact by stocking 
wintering ponds as heavily as is consistent wiili the health of the fish, 
stocking densities cited in the literature vary from 400 to 2000 kg/ha 
Afthoiigh spawning of even ripe fish can be retarded for up to a month 
by such heavy stocking the culiurist should ncvcrtlicless be prepared to 
draw the pond down if heavy rainfall occurs since tins may trigger 
spawning 

Whenever the water temperature rives above IS^C, fish in wintering 
ponds are fed 1% of their total body weight daily, just prior to spawning, 
this IS inCTcaved to 4% Pellets of Auburn No I nsli feed, which contains 
357o soybean meal, 35% peanut meal 15% fish meal, and 15% distiller's 
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suffiaently important for these techniques to be adopted in practical 
ailture In the e\ent of a large demand for cultured buffalofish, hatdiery 
culture tvould ln\e been advantageous in tint eggs can thus be hatched 
more efficientl), m larger numbers and, most important, synchronously, 
so that fry of a uniform size can be produced 

Buffalofish used in the previously described hybridization experiments 
were artificially spawned as follows Spawners, usually 13 to 2 7 kg fish, 
were isolated m 20 gallon aquaria at 24 to 25°C, injected with pituitary 
extracts, and, when the eggs were free flowing, stripped of eggs and milt 
(See p 85 for a general disaission of artifiaally induced spawTiing) 
Females were injected with 315 units of human chorionic gonadotropin 
or 0 9 mg of acetone dried buffalofish pituitary per kilogram of body 
weight, males received half these dosages Some females spawned within 
22 to 24 hours of injection, but others could not be made to spawn with 
repeated injections 

Eggs ivere liatclied in a closed recirculating water system, using the 
jar method (See pp 92-93 for descnption of hatching eggs in jars) 
Hatching rates of 95 to 98% were obtained in 24 hours at 24*C, but 
uniformly poor rates were observed at lO^C 

NURSERY PONDS AND THEIR MANAGEMENT 

Ponds Similar to wintering and spawning ponds may serve as nurseries, 
but ponds as small as 0 04 In have also been used effectively The most 
impornnt consideration in selectinga nursery pond is that it be absolutely 
free of predatory fish since buffalofish fry are unusually susceptible to 
predation Before transfer to nurseries disinfection for 2 to 4 hours in 
15 ppm formalin plus 1 ppm acnfiavine is advisable 

Slocking rates in nurseries vary from 800 to 4000/ha The precise rate 
IS determined by the size of fingerling winch is desired the amount of 
buffalofish of any size which can be produced from I ha of water is usually 
200 to 400 kg Fingerlings weighing about 0 1 kg or shghtlj more each 
were considered adequate for the intensive nee fish rotation ongmallj 
envisioned, but for the less intensive types of culture currently practiced, 
a larger fingerling is best because tlie grov\rmg areas commonly contain 
large predatory fish Another factor that must be taken into account 
m nursery stocking is mortality, whicli is highl) variable, but may exceed 
50% 

Fingerlings accept the same artificial feeds as fry and breeders, but 
feeding IS optional at this stage Fertilization is essential however The 
dosage described above should be applied monthl) 
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The combined stimuli ot freshly drawn water and greatly reduced 
population density should he sufficient to induce spawning ^ 

hours of stocking, but it may be delayed if the fish are not fully mature 
or if a cold snap occurs If spawning does not occur within a week, tne 
pond may be drained nearly dry and refilled to trigger mating beha' lor 


HATCHING 

Hatching occurs m 5 days at 18 to 21°C, and the fry are free swimming 
in another 2 days The newly hatched fry are very delicate and should be 
left in the spawning pond for some time, the parents are remove to 
reduce the danger of transmission of diseases and parasites If the ry 
are not to starve, an abundant supply of plankton must be available swn 
after they become free swimming, so spawning ponds are fertilized 
the eggs are laid Commercial 8 82 fertilizer applied at 100 kg/ha has 
been found to produce an adequate bloom 

REARING EARLY FRY 

Light feeding with suitable sized particles of the same feeds descnbed 
above should commence about 10 to 15 days after spawning The rate o 
feeding is determined empirically, based on the appearance, growth rat^ 
and behavior of the fry Underfed buffalofish fry may sometimes be o 
served swimming in schools around the edge of the pond, at such times 
they are extremely susceptible to disease 

The only other management measure commonly undertaken is tn 
periodic application of a mixture of kerosene and motor oil to the pon 
surface to control predatory insects Details of this technique and its pros 
and cons will be discussed later 

Fry may be left in the spawning ponds until fall, when they are ready 
for stocking in grouing ponds, but it is preferable to stock them ui 
special nunery ponds when they attain lengths of 12 to 40 mm Yiel 
of up to 1 million such fingerlings/ha lia\e been achieved, using the 
methods described, at the U S Fish Farming Experimental Station, but 
commercial cultunsts base more commonly produced 50,000 to 250,00 

fingerlings/ha 

hatchery propagation 

Buffalofish ha\e been artifiaally spaivned and the eggs hatched under 
hatcher) conditions, but commercial buffalofish culture never became 
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Yields of fish this size commonly ran 200 to 1000 kg/ha tor the 2 year 
growing period, whereas yields of more than 1000 kg/ha of 1 kg fish are 
not difficult to obtain in 18 months It is also possible that substantially 
higher yields could have been obtained with fertilization Fertilized ex 
perimental ponds at Auburn University, stocked with bigmouth buffalo 
fingerhngs at 1080/ha, yielded 656 5 kg/ha in a 6 month growing period 
These fish, averaging about 1 3 kg, were too small to be profitably mar- 
keted, but the implications of the experiment are clear If consumer 
habits change and/or if economically feasible methods of pond fertil 
ization consistent with good rice farming practice are developed, practical 
intensive culture of buffalofish may still be a possibility 


PRESENT USES OE BUFEALOFISH IN FISH CULTURE 

At present, the principal aquacultural uses of buffalofish are in very low 
intensity polyculturc and as supplemental fish in catfish culture The 
former method is practiced in natural sloughs and backwaters which 
abound in die lower Mississippi Valley The pnncipal species stocked is 
usually channel catfish, and details of stocking are given in Chapter 6 
Buffalofish are sometimes stocked in small numbers with intensively 
cultured channel catfish, since they will eat smaller particles of ood 
than the catfish and thus may benefit from partially disintegrated food 
pellets which would be svasted by the catfish In addition to providing 
a supplemental fish crop and preventing waste, buffalofish so stocked 
may actually enhance the production of catfish by reducing pollution of 
the water by excess food There are no data available to support this as 
sertion for buffalofish, but Java tilapia (Tilapm mossambica) and Ttlapia 
mlotica have been shown to have such an effect on channel catfish in 
experimental ponds at Auburn University 


PROBLEMS 


DISEASES AND PARASITES 

A number of diseases and pansites, including fungus infections bac 
lenal infections, and die anclior parasite (Lemaca). have been observed 
m cultured buffalofish Researcli in disease control was only beginning 
wlien buffalofish culture in the United Stales began to be deempl.asized, 
thus specific remedies fiave not been developed Cultiirists can probably 
handle most situations by adapting treatments used on catfisli and other 
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RICE nun ALorisu rotation 

As menuoneci previously, the type of nee fish rotation originally insti 
tilted m the south central states was an economic failure However, it 
will be described in some detail because it was fairly successful in terms 
of producing fish and could be greatly improved in that regard In the 
future, if the abundant supply of protein for human consumption in the 
United States is not maintained, the economics of American aquaculture 
may be profoundly altered, and nee fish culture and/or buffalofish cul 
ture may again be attempted 

Fields used m nee fish rotation were divided by inside levees to create 
ponds of suitable size Some compromise always had to be reached m 
this regard since fields 16 ha or more in area are best for rice farming 
whereas buffalofish culture proved to be most efficient in ponds smaller 
than 16 ha In practice, ponds of all sizes from 8 to 80 ha were used 
Whatever their surface dimensions, productive ponds were designed to 
be no less than 0 5m deep at the shalloi\est point and mostly 1 to 2 m 
deep to discourage rooted aquatic plants provide lower bottom temper 
atures and reduce predation by birds 

Production ponds were stocked at vanous times from late summer to 
spring One of the most efficient stocking methods took advantage of 
the heavy fall rains which usually occur m the south central states 
Prior to the rams, ponds were partially filled preferably with well water 
Fingerlings were then stocked in the borrow ditches leading into the 
catch basin (see the Appendix for a generalized description of such pond 
construction features) and automatically released into the rest of the pond 
when the rams filled it 

Recommended stocking rates vaned from 25 to 250 fingerlings/ha m 
unfertilized ponds If potential competitors such as minnows were sus- 
pected of being present, largemouth bass (Mteropterus salmotdes) finger 
lings were sometimes stocked at 60 to 125/ha Direct feeding of buffalofish 
in growing ponds was neser done, and fertilization was only occasionally 
carried out Not only did effective dosages of fertilizer vary greatly from 
pond to pond but the fanner had to consider the effect on the forth 
coming nee crop as well as on the fish 

The growing period ordinarily extended for 2 years Midway through 
the second jear of growth. 25 to 35% of the crop was sometimes hanested 
with nets or traps At the end of the 2 year period, the pond ivas drained 
to harsest the remainder of the fish then planted to nee for 2 years 
Survival of fingerlings was usually high (about 90%) but production was 
limited by the preference of consumers for fish weighing about 2 5 kg 
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in polyculture in that country seems to be rising, so it is likely that their 
use as a supplemental crop in ponds primarily devoted to other fish will 
increase. But cultured buttalofish will not assume an importance near 
that which was predicted tor them in the 1950s without a major technical 
breakthrough in culture methods or a drastic alteration of the economy. 
For the present, American fish culturists would he ill advised to invest 
heavily in buftalofish. 


EXPERIMENTAL CULTURE OF PADDLEFISH 


Another fish suggested for culture during the early years o£ fish culture 
in the lower Mississippi Valley was the paddlefish (Polyodon spathula). 
Paddlefish, although they reach lengths ot up to 150 cm and weights of 
up to 85 kg, are well suited to traditional pond fish culture in that they 
feed primarily on zooplankton. Not only is the quality of the flesh ex- 
cellent, but the roe can be made into a good grade of caviar. At least 
until recently, paddlefish supported a sizable commercial fishery in the 


Mississippi-Missouri Basin. „ , „ „ ,., 1.7 r 

Though sometimes referred to as “spoonbill catfish, P. spathula, tar 
from being a catfish, is a member of the primitive fish family Polyodon- 
tidae, which contains only one other living species, the huge Psephurus 
gladius of China’s Yangtze River. P. gladius is reportedly important as 
a food fish, but it is not known it its culture has been attempted. 

The principal disadvantage tor culture of paddlefish is that they do 
not spawn in standing water. In 1962, attempts were made at the United 
States Fish Farming Experimental Station to hormonally induce spawn- 
ing. Though fertilization of eggs was not achieved, it was demonstrated 
that adult paddlefish ot both sexes will respond to chononic gonado- 
tropin. Only large paddlefish responded to the treatment, and sexual 
dimorphism was observed to be slight. In view of these findings, plus the 
fact that adult paddlefish do not spawn each year, it was concluded that 
it would be necessary for practical paddlefish cultunsts to maintain con- 
siderable numbers of large brood fish. _ , , 

Further experiments were not pursued as first bullalofish, then catfish 
took over the spotlight in fish culture in the lower Mississippi Valley. 

In the last decade, most paddlefish populations have declined rapidly, 
due to pollution, dam construction, and overfishing. Expenmental cul- 
ture may eventually be resumed as a conservation measure, but the out- 
come seems dubious, and attempts at commercial culture are most unlikely 
in the foreseeable future. 
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commonly cultured fishes One problem peculiar to buffalofish is ulcer 
ations on the gills at spawning time These respond well to the treatment 
recommended earlier for wounds 

ECONOMIC PROBLEMS 

It has been standard practice among buffalofish farmers to harvest their 
crop in summer and winter, when buffalofish fisheries are least productive, 
but even so they have not been able to compete with fishermen Among 
the economic problems besetting buffalofish cultunsts is the large weight 
loss in dressing these fish While there are local outlets for live or iced 
whole buffalofish, the bulk of the crop must be cleaned, dressed, and 
iced or frozen The total dressed weight of bigmouth buffalo so processed 
averages 53% of their live weight 

It has been mentioned that small buffalofish are not favored by 
Amencan consumers Their poor acceptance is due largely to the many 
small V shaped bones characteristic of Catastomid fishes, which are par 
ticularly irritating m small specimens Workers at the Bureau of 
Conimeraal Fisheries Laboratory in Ann Arbor, Michigan, developed a 
method of processing small (under 1 2 kg) buffalofish that was hoped 
would enhance their commercial value but, perhaps because buffalofish 
culture was already close to nonexistent in 1965, when the method was 
introduced, it has had no effect The processing technique insohed 
smoking the nb section and grinding the bony Join section to produce 
a variety of frozen, reconstituted products A disadvantage of these prod 
ucts was their tendency to rapidly develop rannd offflaioK and i^ors 

PROSPECTUS OF BUFFALOFISH CULTURE 

Unless and until the status of buffalofish culture in the United States 
improves, there is little likelihood of IcUohus spp being cultured else 
where In the late 1940s and 1950s when Israeli fish cultunsts were 
searching for supplemental species to stock with common carp {Cyprtnus 
carpto), bigmouth buffalo were tested but proved even less suitable for 
culture than in the United States Among the objections raised were that 
they grew too slowly did not convert artificial feed well, were very sus- 
ceptible to infection with Lemaea, ojmpeted with carp, and brought a 
low pnee on the Israeli market 

Buffalofish will certainly continue in their rclatisely unimportant role 
m low intensity fish culture m the South Central United States Interest 
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(Ictalurm puuctatm) carried out by Kcrmit Sneed o£ he U S Bureau 
of Sport Fisheries and Wildlife and H P Clemens of the Unis ersity of 
OuLoma Applied research on a large scale began with the opening in 
1961 of the U S Fish Fanning Experimental Station at Stuttgart, r an 
Ls In 1965 this laboratory merged svitli similar facilities at Kelso Arkan 
a and Matron. Alabam^ to become the U S Warm Water Fish Cultural 
Laboratones. thus prosiding a complex of facilities for coveting basi 
biological investigations and applied research as well as followup studies 
orall subjects of concern to catfish cultuns.s The economic aspects of 
catfish farming have also been evaluated in detail many tim« so that, 
despite us virtually overnight development, catfish culture in the United 
Stafes IS one of the most thoroughly documented ^ 

and serves as an excellent example of the potentials and pitfalls of m 

for catfish culture in United States was the eco 
nomic failure in the late 1950s and early 1960s of bulIaloBsh (/c( o5i« 
Spp) as an aquatic crop in rice fields and sloughs (see Chapter 5) In 
1960 there were, in Arkansas alone, MOO ha of 
fish culture, with only 100 ha in catfish culture By 'MS '8™ « 
devoted to monoculture of catfish, with an additional 2000 ha in jmly 
culture with catfish as a principal crop, buflalofish accounted ^*7 
small portion of fish production m the state Cultured catfish received a 
further boost as consumers discovered that their flavor was better, or at 
least more consistent, than that of wild fisli 


SPECIES USED 


CHANNEL CATFISH 

At the same time, intensive pond culture began to supplant rice field 
and slough culture as the most important form of food fish culture m the 
area One of the first problems m conversion to a new form of culture 
was selection of the most suitable species Catfish which vie vvith buffalo 
fish for importance in freshwater commeraal fisheries in die “^ern 
United StaL, were the likeliest choice, but vvhich catfish All seven of 
the widely distributed, edible sized North American ^tBhes (fam ly 
Ictaluridae) have been tested, if not applied, in fish culture, but by far 
the most widely used is the channel catfish, which is generally considered 
the most desirable Ictaliir.d for table use It is not clear whether the 
channel catfish really possesses superior table qualities or whether tins is 
an assumption baseJo’^ the more esthe.ically pleasing appearance of the 
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INTRODUCTION AND HISTORY 

One o£ the most highly publtazed aquacuhural developments of recent 
years is the growth of the catfish industry in the south central United 
States Although Ictalund catfish have been experimentally cultured for 
50 ^ears or more and some small catfish farms uere operating as early 
as the 1950s, comraeraal culture of catfish on a significant scale goes 
back no further than 1963 when a few thousand kilograms ssere produced, 
chiefly in Arkansas By 1966, U S catfish production was up to 9 to 11 
million kilograms and by 1969 it was about 30 million Arkansas, Missis- 
sippi, and Louisiana account for a large share of the production, but 
commercial catfish culture on some scale occurs m at least 18 states 
Though catfish are important contributors to sport and commercial 
fisheries as far north as loua, and markets for catfish exist m all the 
major northern aties, the southern slates will probably continue to dom 
mate catfish culture in the United States, due largely to the longer grow 
ing season in that part of the country Some successful operations may 
esentually be earned out m the north using cooling water from factones 
and power plants, but the only senous threat to the preeminence of the 
southern states is likely to come from Central and South America 

Catfish farming has been an important source of resenue for the south 
central states, which constitute the poorest secuon of the United States 
As an illustration of its value as an industry, in 1965 in Lonoke County, 
Arkansas, 44,000 ha were planted to soybeans and yielded a total income 
of $6 million The following year 3800 ha wholly or partially demoted 
to culture of catfish produced over $5 million in resenue Although such 
resenues may have no direct effect on the poorest people of the area and 
the fish produced make no contribution to their substandard protein 
intake, the economic effect of such a new industry must eseniually be 
felt at all lesels of the local economy 
The mushrooming deselopment of catfish farming has been paralleled, 
and m fact preceded, by a strong supporting program of research, begin 
ning in 1957 pioneering work on spawning of channel catfish 
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ture, for they have much to recommend them. Smaller than cliannel, blue, 
or flathcad catfish, they occupy a place between these species and the 
bullheads. Unlike the bullheads, white catfish can be easily grown to a 
size acceptable to all consumers, although they do not grow nearly as 
rapidly as channel catfish, and due to the rather large head do not dress 
out as well as channel or blue catfish. They are fully comparable to other 
Ictalurids in terms of quality of flesh and are superior in converting food. 
They are among the hardier Ictalurids, withstanding crowding, low 
dissolved oxygen concentrations, turbidity, and high temperatures much 
better than channel catfish. Corollary to the temperature tolerance of 
white catfish is their tendency to feed voraciously throughout the summer. 
Finally, white catfish are easier to spawn than any of the larger Ictalurids. 
It seems likely that in the near future white catfish will see wide use in 
fish culture. 

BULLHEADS 

The smallest Ictalurids commonly used as human food are the bullheads. 
The most frequently used bullhead in experimental aquaculture is the 
brown bullhead (Jctalurus nebttlosus), but tlie yellow bullhead (Ictalurus 
natalis) and the smaller black bullhead {Ictalurus melas) have also been 
tested on occasion. In addition to their small size, bullheads readily 
reproduce in ponds witliout specific measures being taken, thus over- 
population and stunting frequently occur. There is a small, steady mar- 
ket for bullheads in some areas, but prices are usually low, and this 
demand can probably better be filled by fisheries than by fish culture. 
In other areas, retailers and consumers make no distinction between 
bullheads and other catfishes, so that although some dealers may profit 
from passing off bullheads as channel catfish, the culturist would do well 
to a)ncentrate on larger, faster growing species. 

The only real superiority bullheads have over other Ictalurids is 
their extreme hardiness with regard to the physical environment. On the 
other hand, they are more susceptible to disease than are channel catfish. 
Disease is mudi more of a danger in well-managed intensive fisli culture 
operations than extremes of temperature, dissolved oxygen concentra- 
tion, and so on, so that this sort of hardiness is no real advantage to the 
culturist. After an initial flurry of interest among fish culture researchers 
in tlie late 1950s, bullheads were overshadowed by the larger Ictalurids, 
and they aie seldom used in fish culture today. 

In the accounts of catfish aiUure ledvniqucs that follow, the species 
referred to is the diannel catfish unless oUierwise specified. In attempting 
to raise other Ictalurid spedes methods similar, if not identical, to those 
nsed in culture of diannel catfish are likely lo be effective. 
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channel catfish and the fact that it is more highly esteemed than other 
Ictalunds by sport fishermen Nor is it clear that it is the most practical 
catfish for culture in all situations Hosvever, channel catfish have often 
yielded excellent results and far more is known about their culture than 
that of any of the other speaes Among the demonstrated virtues of 
channel catfish are their ready adaptation to artificial feeds and their 
resistance to crowding On the other hand, they have a fairly nervous 
temperament, which may cause problems, particularly when they must 
be netted or handled 

BLUE CATFISH 

The second most frequently used speaes is the blue catfish (Iclalurus 
furcatus) Although blue catfish at the U S Fish Farming Experimental 
Station have exhibited much poorer growth than channel catfish, some 
cultunsts find that they grow more uniformly and produce fewer ‘giants 
and runts Blue catfish of all sizes dress out better than channel catfish, 
iveight of dressed fish averaging 60 to 62% of live weight as compared to 
56 to 58% for channel catfish Unlike channel catfish blue catfish readily 
learn to feed at the surface, which enables the culiunst to inspect his 
stock for health daily and to determine if they are accepting feed well 
They are less nervous and easier to seine than channel catfish, and the 
males are less prone to fight at breeding time, but they exhibit poor sur 
vival when shipped live Other disadvantages are poorer conversion of 
most artificial feeds and greater age at matunty 

FLATHEAD CATFISH 

The largest of the Ictalunds the flathead catfish {PylodtcUs oltvans) 
differs from the rest of the family in being highly piscivorous and can 
nibalistic It has seldom been used in conventional catfish culture but 
occasionally finds use as a predator in culture of various other speaes 
Rather high mortality has often been experienced m rearing flathead 
catfish fry, but were as mudi attention paid to this speaes as to the chan 
nel catfish fry rearing isould doubtless prove comparably feasible In 
some areas the flesh of the flathead catfish is considered, at least by fisher 
men to be inferior to that of other Ictalunds 


WHITE CATFISH 

White catfish (IctaUirus ca(us) are native not to the south central slates 
hut to streams emptying into the Atlantic Ocean along the east coast of 
the United States Perhaps tins explains their infrequent use m fish cul 
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Fic. I. Typical catfish pond cross section (After Mitcliell and Usry, 1967.) 


tet. Accordingly, the most important fadlilies of a catfish farm are the 
production ponds. Channel catfish have been effectively reared^ in all 
sizes of pond from less tlian 0.4 ha to more than 40 ha. There is little 
unanimity on the proper size, but most commercial operations are con- 
ducted in ponds of 0.4 to 5.0 ha, although there is a trend toward larger 
ponds, up to 16 ha. In general, smaller ponds are easier to manage and 
thus preferable for the inexperienced catfish farmer, but there is no 
“best” size. In deciding on pond size, the culturist should consider the 
respective advantages of small and large ponds as outlined in the Appen- 
dix. 

There is somewhat more of a consensus as to what constitutes the 
proper depth for a catfish rearing pond than there is as to surface area. 
Most authorities cite depths of 0.9 to 1.8 m for use in the South and 
1.8 to 3.0 m in the North, where winterkill is a possibility in shallow 
ponds. Deep water in a catfish pond is superfluous in the South as it 
would probably be virtually devoid of oxygen for much of the year. 

The preferred type of drainage system for catfish production ponds 
incorporates a harvest basin containing an L-shaped adjustable drain- 
pipe. These and other features of a well designed catfish pond are illus- 
trated in Fig. 1. Many of the features of Fig. 1 are discussed in more 
detail in the Appendix. 

An alternative to the use of a harvest basin is to harvest fish by opening 
the drainpipe and draining diem directly into holding basins. Such 
basins may be permanent concrete structures, or made of wood for 
mechanized loading onto trucks, or tliey may take the form of small 
ponds. Holding basins must he sufficiently large tliat the fish do not 
suffer mortality from overcrowding while -waiting to be loaded on trucks. 
When large ponds are used, Uiis means that rather large holding ponds 
are required. For example a 20-ha pond svould require at least five 0.4.ha 
holding ponds There is a trend toward highly meclianized havcsting, 
^vhidi may eventually eliminate the need for harvest basins and Iiolding 
ponds. 
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CATFISH FARM SITE SELECTION 

The first question a prospective catfish farmer must ask himself is 
whether or not he has a suitable site for pond construction His deci 
Sion must be made on the basis of topography, soil quality, and quality 
and quantity of water available The general principles of fish pond 
location and construction are discussed m the Appendix Here we shall 
limit ourselves to factors of speaal concern to Ictalund catfish fanners 
The temperatures and chemistry of the water supply must be suitable 
lor the species to be cultured, or be capable of being inexpensively modi 
fied to meet its needs Although all the Icialunds can survive tempera 
tures down to the freezing point, virtually no growth occurs at low 
temperatures Channel catfish grow slowly at 60 to 70°F, but they do bet 
ter at 70 to 80°F, above 85®F, feeding falls off and growth slows 
In addition to temperature, pH and alkalinity should be known Here 
the cultunst may s-ash to call upon the Soil Conservation Service for 
technical assistance, but it is advantageous for the senous catfish farmer 
to have his ovsn inexpensive pH meter and keep daily records, since the 
pH of a pond is not constant Channel catfish suffer no ill effects in the 
pH range 5 to 8 5, and 6 3 to 7 5 is oinsidered optimal, a pH over 9 5 is 
likely to be lethal Alkalinity may be measured as total hardness or total 
alkalinity Values of these indexes should fall beuseen 20 and 150 ppm 
or 30 and 200 ppm, respectively Alkalinity and pH may be adjusted 
artifiaally to some extent, methods are given in the Appendix 
An aspect of soil quality which is of particular concern to American 
catfish farmers is pesticide contamination The lower Mississippi Valley, 
the Imperial Valley of CaUfomta, and some other producing regions are 
among the most heavily sprayed agricultural regions in the world, and 
the prospective aquacultunst would be reckless and remiss in his duty 
if he did not consider the possible effects of these compounds on his 
stock and their consumers. For a more detailed discussion of the dangers 
of clilonnated hydrocarbons in fish farming see the Appendix or Me 
Lamey (1970) 

GROjyiNG CATFISH FOR MARKET 

DESIGN OF PONDS 

There is money to be made from the production and sale of fingerJing 
catfish as well as edible sized fish, but most catfish farmers purcliase 
fingerhngs from speaalists and amantrate on grossing adults for mar 



CATFISH CULTURE IN THE UNITED STATES 167 


vary with the amount of food and dissolved oxygen available; 3300 to 
4400 fingerlings/ha is a good starting rate. Beginners at catfish culture 
should err on the low side in slocking since overstocking can lead to 
disease and oxygen depletion. While either of these conditions can usually 
be corrected with slight loss of fish, the neophyte is less likely than the 
experienced operator to be sensitive to the early symptoms. 

Stocking rates may be increased if it is possible to aerate or circulate 
the water, as in raceway culture. Research on such techniques is far from 
complete, but some commercial catfish growers already employ raceways. 
Mary Porter of Fayetteville, Arkansas, grows channel catfish in a series of 
25 to 30 m X 3 m ponds through which water is pumped at 2800 liters/ 
min by a 7i4 HP pump. Each pond is separated from its neighbors by a 
concrete dam with a narrow sluiceway at the top. Just below the sluice- 
"way is a baffle board to reoxygenate the water. 

Mrs. Porter stocks each segment with 2000 fingerlings (223,221 finger- 
lings/ha). Production of 450 kg of catfish per week is claimed. Over a 
150-day grooving season, this would amount to more than 40,000 kg/ha. 
It should be noted that experimental raceway culture to date has sug- 
gested stocking rates far lower than that used by Mrs. Porter — 6600 to 
110,000 fingerlings/ha. 

Ponds supplied by surface water should be stocked at only 1650 to 2200 
fingerlings/ha, since if oxygen depletion ocairs during hot dry weather, 
there may be no way of adding fresh, well-oxygenated water rapidly 
enough. 

In some areas there is a market for large catfish up to 1.8 kg. To pro- 
duce fish of this size requires at least two growing seasons. It may also be 
necessary during the second season to reduce the population density to 
1540 to 3300 fish/ha, each fish weighing 0.2 to 0.45 kg. 

role of polyculture 

American catfish culture, as contrasted to most forms of freshwater pond 
fish culture, is largely based on monoculture. Wliile nothing comparable 
to Asian polyculture is foreseen for tlie soutli central United States, it 
niay be that mixed culture of Ictalurids and/or admixture of other 
species with Ictalurids will become more common. Already some cul- 
turists, particularly in Louisiana, find it advantageous to include 10% 
blue catfish in their channel catfish ponds. Wliere more or less intensive 
culture is carried out in natural ponds, largemouth bass (Aficropierus 
^olmoidcs) are usually added to control trash fish populations. Experi- 
ntcnis at Auburn University have demonstrated that addition of tilapia 
to channel catfish ponds may prove beneficial. Channel catfish stocked 
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OBTAINING AND STOCKING FINGERLINGS 

Catfish fanners Vrho spawn their own stock will need additional facilities 
It IS nearly universal practice to stock growing ponds with fingerlings 
rather than fry Fingerlings are available from commercial hatcheries in 
most parts of the South or they may be shipped to cultunsts in other 
parts of the country Most catfish farmers prefer to stock fingerlings at 
least 13 to 15 cm long since they are less subject to mortality and usually 
result in larger fish at harvest lime Hoivever fingerlings as small as 5 
cm are sometimes available at substantially lower prices 

A commeraal catfish farming operation can be wiped out before it 
IS fairly started if fingerlings contract disease The best precaution 
against this is to purchase stock from an established reputable hatchery 
Most hatcheries treat fingerlings for external parasites and diseases before 
dehvenng them to the pond Untreated stock should be treated by the 
culiurist. Two effective prophylactic treatments are 

1 Place fingerlings in 10 ppm potassium permanganate for 1 hour 
then wash with freshwater Follow this with 15 ppm formalin for 5 to 12 
hours then 1 ppm acnflavme for 5 to 12 hours 

2 Place fingerlings in 15 ppm formalin for 24 houR then treat them 
briefly in 0001% acnflavine The second step can be earned out in 
transit 

It is customary to stock growing ponds m the spring when the water 
temperature is 13*C or higher when mortality is lower than is the case 
for fall stocking and the fingerlings will start to grow immediately In 
the early days of catfish culture it was necessary to harvest in the fall 
but cultunsts found that this produced a substantial percentage of fish 
too small for the market It is now customary to grow catfish for to 2 
jears at the end of which time virtually all the stock should be mar 
ketable 

Channel catfish and while catfish at least can wihstand any reasonable 
population density The more of these speaes stocked per acre the 
greater the production of fish will be However the catfish farmer does 
not aim so much for maximum meat production as for maximum dollar 
production Therefore his desire to maximize total yield is tempered by 
a knowledge of the size of fish fatored by the prospective consumer of 
his product In most cases the optimum market size for catfish is about 
0 45 kg live weight but in the southeastern United States smaller fish may 
be preferred The best stocking rate to produce 0 45 kg fish m one growing 
season in ponds supplied with well water will almost always be between 
2200 and 6600 fingerlings/ha. Tlie prease optimum stocking rate will 
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success o£ any commercial catfish farm Although some of the food con 
Slimed by commercially raised catfish is produced within the ponds they 
inhabit, the bulk of their nourishment is derived from supplementary 
feeding 

Research in nutrition is far from comprehensive, but in general a 
channel catfish diet should satisfy the requirements outlined in Table 1 
A few comments are in order on some of the items listed in the table 


TABLE 1 NUTRITIONAL REQUIREMENTS FOR A DIET FOR CHANNEL CATFISH 


Protein 
Crude fat 

Crude fiber 

Fish meal 
Calories 
Protein calones 
Caloum 
Phosphorus 

Vitamins and minerals 


Minimum 32% 
Minimum 4% 
Maximum 8% 
Minimum 8% 
Maximum 20% 
Minimum 8% 
Minimum 540/kg 
Minimum 243/kg 
Minimum 1% 
Minimum 1% 
(see text) 


Proletn At least 50% should be animal protein Research at Kansas 
State University s Agricultural Experiment Station has shown that pro 
tern in excess of 25% may be used not for growth but as a source of 
energy, and could thus economically be replaced by carbfydrm^ 
Authorities elsewhere are in disagreement and generally “1= 32 to 33% 
as die minimum protein requirement The role of carbohydrates in 
protein sparing has not been adequately studied but indications are 
that inclusion of up to 18 6% carbohydrates in catfish diets is beneficial 

‘"n'shTaf This seems to be the one absolutely essential food item 
Most of the ingredients of standard catfish feed formulas can be siibsU 
tuted for, but ^lenever fish meal has been left out of catfish diets poorer 
growth and food conversion have resulted 

V.lam.m and M.nerals Such additives as niethionine, LyamineoO 
and vitamin B,. may be individuHly added to catfish diets, but mo t 
cultiirists use a commeraally available vitamin premix originally devel 
oped for inclusion m poultry diets Ingredients of the vitamin premix 
are listed in Table 2 
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at 4400/ha yielded 1400 kg/ha to monoculture with supplemental feed 
mg When Java tilapia {Tilapia mossambtca) were added at 1250/ha, 
catfish production increased to 1568 kg/ha Adding to this the 266 kg/ha 
of potentially marketable tilapia produced gives a total production of 
1834 kg of fish/ha, for an increase of 434 kg/ha or 27 3% Efficiency of 
food conversion by the catfish was the same with or without tilapia 
Apparently the tilapia fed on plankton, wastes, and excess food intended 
for the catfish Similar results were obtained when ponds where channel 
catfish T\ere stocked at 7500/ha were supplemented by Nile tilapia 
(Ttlapta mlotica) at 2500/ha 

POND FERTILIZATION 

Although in catfish farming, as in most systems of fish culture, the fish 
denve a substantial portion of their nourishment from food organisms 
produced within the pond, pond fertilization is not emphasized Use of 
organic fertilizers is espeaally discouraged, because they are reputed to 
adversely affect the flavor of catfish 

Where catfish ponds are fertilized, it is often done not to increase pond 
productivity per se, but to produce an algal bloom to shade out rooted 
plants This may not be necessary in many ponds, as a general rule if a 
Secchi disk is not visible below 46 cm, fertilization is not necessary 

Fertilization is generally done m the winter, well before stocking once 
fish are present m a pond their wastes, plus unused food fragments, are 
adequate to maintain productivity Commercial fertilizers high in nitro- 
gen and phosphorus but containing litUc or no potassium are best, at 
least for the south central states An initial application of 73 to 90 kg/ha 
should be adequate, but if Secchi disk visibility remains greater than 46 
cm, the process may be repeated 

Attendant on fertilization is the danger of a heavy algal bloom devel 
oping then dying off resulting in severe pollution This can happen vir 
tually overnight, and the cultunst must be prepared to replace a 
considerable proportion of polluted water with freshwater as rapidly as 
possible For this reason and because pond fertilization is by no means 
vital to successful catfish culture, the beginning catfish farmer is advised 
not to fertilize his ponds unless it becomes apparent that to do so will 
materially enhance fish production 

SyPPLEMENTARV FEEDING 

One of the most extensively investigated aspects of catfish culture is 
nutntion, and well it might be, for proper nutrition is cruaal to the 
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TABLE 3 VITAMIN DEriCIENGlES OF CHANNEL CATFISH AND THEIR SYMPTOMS 


VITAMIN 

DEFICIENCY 

EFFECTS 

Pyridoxine 

Erratic swimming, tetany, gyrations and muscular 
spasms when stressed, reduced weight gam, anti 
mortality 

Pantothenic acid 

' Flabby body tissues, ‘ mummy” textured skin, ex 
cessive mucus on gills, clubbed gill filaments, and 
eroded gill membranes, lower jaw, fins and barbels, 
lethargy, reduced weight gam, and mortality 

RiboflTvin 

Opaque lens of one or both eyes, mortality 

Tluamine 

Reduced weight gain, lethargy, and difficulty m mam 
taming equilibrium, convulsive spasms, partial pa 
ralysis, and curvature of the spine 

Folic acid 

Lethaigy, reduced food consumption, mortality 

Nicotinic acid 

Tetany and eventual deatli brought about by stress, 
lethargy, reduced coordination 

B12 

Reduced weight gam 

Choline 

Hemorrhagic areas in the kidneys and enlarged livers, 
reduced weiglit gam 

A 

‘ Pop eye, fluid in body cavity, hemorrhagic kidneys, 
and edema of the body cavity 

K 

Hemorrhages on body surface 


SOURCE Dupree (1966) 


which are not included in the formulas just given, are meat meal, blood 
meal, beef heart, beef liver, animal fat, chicken entrails, chopped fish, 
cottonseed meal, peanut meal, sesame meal, ground corn, ground sor 
ghum, wheat bian, and vegetable oil 

All prepaied catfish foods must be in the form of pellets for best 
results Altliough catfish aie perfectly capable of engulfing large chunks 


table 4 GENERAL FEED FORAtULATION SPECIFICATIONS FOR CHANNEL CAT 
FISH AT THE U S FISH FARMING EXPERIMENTAL STATION, STUTTGART, ARKANSAS 


ingredient 

coMPosirtos (%) 

tiram by products 

45 

Protein concentrates 

45 

Dehydrated alfalfa 

4 

Distillers dry solubles 

5 

Mineralized salt 

1 
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TABLE 2 INGREDIENTS OF TIIE MTAMIN TREMlX COMMONLY INCORPORATED 
IN DIETS FOR CULTURED CHANNEL CATFISH 


Vitamin A 

450,000 USr 

Vitamin Dj 

200,000 IC 

Riboflavin 

300 mg 

Pantoilienic icid 

COO mg 

Niaan 

3^00 mg 

Choline dilonde 

40,000 mg 

Vitamin 

1 mg 

Vitamin E 

150 lU 

Vitamin K. (menadione sodium bisulfite) 

100 mg 

Ethoxyquin (antioxidant) 

65 g 

Folic acid 

40 mg 


Use of the \uarmn premix and an othenvise balanced diet should 
eliminate problems assoaated svnli Mtamjn defioenoes If deficiencies 
do occur, they may be recognized by the symptoms listed m Tabic 3 
Mineralized salt is the most common mineral additive in catfish feeds, 
but dicalcium phosphate and limestone have also been included 
Other ingredients sometimes used include antibiotics such as aurcomy 
cm and binders to prevent rapid disintegration of the food in water 
The small farmer may find it more comenient and economical to buy 
prepared catfisli feed, but better results arc obtained using individually 
formulated feed If a commercial feed is used, the ingredients should be 
carefully checked, since many of the products on the market are far too 
high in carbohydrates 

If the cultunst prepares his own feed, the prease formula will be 
determined not only by the nutritional requirements outlined above, 
but by the availability and cost of vanous ingredients The four feed 
formulas listed in Tables 4 to 7 are included only as samples and general 
guidelines 

General feed formulation speafications at the U S Fish Farming Ex 
penmental Station are listed in Table 4 Another very high protein diet 
developed at Auburn University and successfully used in Texas has the 
composition given in Table 5 Table 6 gi\es a computer-denved formula 
based on December, 1966, prices in St Louis, Missouri, and meeting or 
exceeding most of the requirements for a catfish diet, though not as high 
in protein as the above two dieu This formula was modified to simplify 
production and inventory control with no appreciable loss in efficiency 
The new formula is indicated m Table 7 Similar formulas could of 
course be derived for any time and place 

Among the substances svhich have been successfully fed to catfish but 
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not dissolve or disintegrate rapidly in water Ideally, 90% o£ a pellet 
should remain after 10 mm in water Durability of pellets may be en 
hanced by inclusion of bentonite clay as a binder, by using fairly high 
amounts of fibrous materials, or by subjecting the feed to high tempera 

ture dry steam before pelleting „ ^ ^ , ■, i 

The culturist seeking to formulate his own feed will find that local 
feed mills have access to most of the ingredients and the machinery to 
do die lob If possible, the mill proprietors should be cautioned to clean 
the pelleting heads with vegetable oil rather than the commonly used 
petroleum products, which may contaminate the first portion of feed 
to pass through the dies after cleaning , , , . . 

Feeding rates are dependent on the poundage of fish to be fed and the 
water temperature Rates are generally expressed as a percentage of the 
total weight of fish m the pond This figure will of course be known at 
stocking time, but subsequent values should be estimated by periodically 
seining and weighing a sample of the stock 

Suggested feeding rates for channel catfish at various temperatures are 
outlined in Table 8 At high temperatures these rates may need to be 


TABLE 8 SUGGESTED TEEDtNG RATES FOR CHANNEL CATTISH AT DIFFERENT 


temperatures 


DAILY WEICHT OF 

WATER 

TEMPERATURE 

(-C) 

FEED AS A PER 

CENTACE OF TOTAL 

SVEICHT OF STOCK 

More than 32 

1 5 or less depending 
on dissolved oxygen 


concentration 

21-32 

3 

16-21 


7-16 

Less than 7 

0 5 on warm, sunny 
days only 


adjusted upward in very hot climates such as south Texas, where local 
catfish stock may be adapted to hot weather The listed rates would 
certainly have to be so adjusted in feeding white catfish Feeding rates 
may also be revised upward where Uiere is little chance of serious y de 
pleting dissolved oxygen by decay of uneaten food, for example, in 

racewTv culture , j j u . i 

In feeding calfish over 0 45 kg, expenses mn be reduced by stockmg 
fathead minnoivs (Pimephales promclas) at 1 to a kg/lm As the catfish 
grow and become acclimated to eating minnows the feeding rate of pel 
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TABLE 5 FORMULA FOR PELLETED aiANNEL CATFISH FEED DEVEIXJPED AT 
AUBURN UNIVERSITY _ 


ISCRIDlEVr 

BY WrJCItT (%) 

Soy bean oil meal (■14% protein) 

35 

Peanut cake (53% protein) 

35 

Fisli meal (00% protein) 

15 

Distiller's dry solubles (21% protein) 

14 

Bentonite clay (binding material) 


SOURCE Hastings (1961) 


TABLE 6 COVfPUTER DERIVED FEFJl FORMULA FOR 

rCTAI URID CATFISH, BASED 

ON NUTRmONAL REQUIREMENTS AND ECONOMIC CONSIDFJtATIONS 

JSCREDJENT 

COMBOSmoN (%) 

Fish meal (menhaden) 

137 

Soybean meal (solvent, dchulled) 

220 

Meat soaps 

06 

Feather meal 

64 

Blood meal 

IJ 

Alfalfa meal (required) 

50 

Rice bnn 

421 

Rice hull fractions 

7,9 

Vitanun premix (required) 

10 

SOURCE Report by W H Hastings, U,S Fish Farming Expcnmental Station 

TABLE 7 SIMPLIFIED VERSION OF TABLE 6 


IACREDIENTS 

COMPOSITION (%) 

Fish meal 

12.0 

Soybean meal 

20 0 

Feather meaj anrf/'or bfood meaf 

fOO 

Distillers solubles 

SO 

Rice bran 

35 0 

Rice hull fractions 

100 

Alfiilfa meal 

40 

Vitamin premix 

10 


SOURCE Report by W H Hastings, U-S Fish Farming Expemnental Station 


oJ food, feeding large particles enosurages doelopmcnt of feeding 
hierarchies, resulting m uneven growth On the other hand, use of dry 
meal mixes and other small pariide Xmls reduces the efficiency of food 
conversion by 50% and heightens the danger of pollution 

Newly planted fingerlmgs do best on 60 mm diameter pellets, 
size can be gradually increased to I 2 cm as the fish grow Pellets should 
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tion can be increased by 12 to 15% over the course of a growing season, 
but more caution must be exercised. 

5. The maximum amount which should be given under any circum- 
stances is 30 kg/ha at one time. 

Automated feeding has been explored as a labor-saving device in cat- 
fish culture, but since there are so many variables in determining die 
rate of feeding it is doubtful %vhetlier conventional time-regulated feed- 
ing devices will find much favor. However, a self-feeding device, which 
permits fish to release a small quantity of food by pressing on an under- 
water plate, is becoming popular (Fig. 2). In addition to saving labor, 
the self-feeder prevents food waste by allowing the fish to determine how 
much they will be fed, eliminates the guesswork inherent in winter feed- 
ing, and enables the cuUurist to determine whether or not his fish are 
feeding. The latter attribute is particularly important, since cessation of 
feeding is one of the most common early signs of oxygen deficiency, 
disease, or other impending trouble. Self-feeders currently available are 
not suitable for use with fingerlings under 8 cm because these small fish 
are not heavy enough to operate the mechanism. It is not yet known 
■whether the rates of feeding chosen by catfish are consistent with the 
economic priorities of the culturist. 

Even if all possible precautions are exercised in feeding, the culturist 
must constantly be on guard for such symptoms of oxygen depletion as 
foul odors or dark streaks of decayed matter. It is a good idea to peri- 
odically check ponds very early in the morning, when dissolved oxygen 
levels are usually at tlieir lowest. At (his time if inadequate amounts of 
oxygen are available, fish may be seen at the surface gasping for air. 

If for any reason oxygen depletion does occur, the only remedy is to 
replace part of the water with fresh, oxygenated water. Pond aeration 
would be a good preventive measure, but it is not as yet widely applied. 


low-intensity growing 

There exist in the south central states large expanses of standing water 
where catfishes and other species could be cultured by methods far less 
intensive than those just described. Although yields in natural waters 
■'vithout supplemental feeding are unlikely to approach those achieved by 
intensive pond culture, there is nevertheless a certain amount of untapped 
potential for fish production in sloughs of up to 40 ha, which commonly 
occur in river bottoms in that region. A suggested stocking ratio for such 
'vaters is 220 channel catfish, 165 buffalofish, 165 crappies (Pornoxis spp.), 
and 100 largemoulh bass per hectare After slocking in the spring little 
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lets at optimum temperatura can be grailinlly reduced from an initial 
3% ot the total weight oE stock to 2% and eventually to 1% Proper 
tional reduetjons ma) be made at otlicr temperatures 

The makers of Purina fish c!ioia suggest a sliding scale of feed iseigljt 
fish sseight for use with their product (Table 9) Adjuslmcnls must e 
made for temperature with this feed as with any other 


TABLE 9 FEEDING RATES FOR CIIANNFL CATFISH AS SUGGESTED BY THE MAN 


UFACTURERS OF PURINA FISH CHOW 
wEJCirr (rg) 

45 ” 

90 
14 4 
27 0 
418 
504 
810 
147 6 
1973 
229 1 
295:2 

582 5 and over 


FEED PER DAY (RC) 
045 
034 
094 
144 
2 30 
2 70 
4 14 
540 
7 20 
900 
11^5 
1330 


Whenever and however catfish are fed the feed should be scattered 
SO that all fish have a chance to feed rather than being dumped in one 
spot Another rule applicable to catfish culture is the unis ersal rule of fish 
feeding too little is better than too mudi An underfed catfish repre 
sents the loss of a certain percentage of potentially marketable meat An 
overfed catfish may well be a dead catfish — a total loss There are several 
precautions which can be taken to prevent overfeeding and resultant 
pollution 


1 An easy way to check whether or not feed is being wasted is to use 
submerged feeding tables which can be removed some hours after feeding 
and inspected for leftover fragments 

2 Feeding should not be carried out in water over 15m deep 

3 Feeding should be reduced or discontinued on extremely hot days 
cloudy days or whenever any environmenal factor such as a heavy blue 
green algae bloom suggests that dissolved oxygen levels may be lower 
than normal 

4 Most catfish farmers allow themselves a margin of error by feeding 
only 6 days a week It has been shown that by feeding every day produc 
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need be done until fall when the fish may be harvested One cannot look 
to fish culture of this sort as a source of livelihood in itself, but if one 
happens to own a slough or other suitable natural water, slocking and 
harvesting fish may yield some supplementary revenue 
In the early )ears of fish culture in the south central states, rice field 
culture, first using buffalofish, then with increasing emphasis on catfish, 
was widely touted Today, although fish can be raised to marketable size 
m nee fields and may in addition improve rice yields by providing ferti 
Uzer, lice field fish culture has dwindled m importance in the United 
States Unlike slough culture, nee field culture requires a certain amount 
of input in terms of labor, feed, and so on Since catfish production in 
nee field culture does not compare with that acliieved by intensive pond 
culture. It cannot compete economically This situation, plus the in 
creised use by nee farmers of pesticides and mechanized methods mcom 
patible with fish culture, has led to the virtual disappearance of rice 
field fish culture in the United States Where it is still practiced, fields 
are usually stocked in late summer, fall, or winter with 22 to 220 buffalo 
fish fingerlings and 11 to 165 channel, blue, or white catfish fingerlings 
per hectare 

GROWING BULLHEADS IN PONDS 

Though the bullheads are usually scorned as fish for pond culture due 
to their tendency to reproduce at a very high rate, one senes of expen 
ments conducted at Auburn University suggested that brown bullheads 
could be pond raised in a commercially feasible manner When 265 
10 0 cm fingerlings were stocked at 6600 to 13,200/ha in June, a repressive 
factor developed so that in 13 months of rearing, with initial fertilization 
and supplementary feeding whenever the water temperature was above 
10®C, reproduction did not occur and most of the fish recovered were of 
marketable size However, when brown bullheads were stocked at lower 
densities, as in channel catfish culture, reproduction did occur, and 59 
to 70% of the fish harvested were only 8 to 10 cm long 


fiARVESTING 

Harvest of catfish crops may be total or partial Partial harvest is indi 
cated when there are so many fish in a pond that total harvest i\ould 
result in large scale mortality or when there is a ready market for a cer 
tarn fraction of the stock on hand Tins market may be composed of 
anglers As Iiigh as 62% of the population of a groiving pond has been 
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man crew using this device was able to harvest 85% (16,300 kg) of the 
fish m a 16 ha reservoir in a single morning 

Catfish may also be concentrated for harvest by induang migration 
Experimental setups of this sort involve a number of ponds laid out along 
a central canal At harvest time runways connecting each pond wuh the 
canal are opened and the fish are lured or driven into the canal The 
same principle may be used in harvesting from conventional ponds, 
using traps rather than canals Recently a trap utilising an automauc 
feeder has been shown to permit efficient harvest even m sloughs and 
other waters which are full of obstacles to conventional harvest equip 
ment (Fig 2) Methods of inducing migration by noise or artificially 

created ciiixents are also being studied 

With the fish captured or at least concentrated, the problems of bar 
vest are still not over In fact the most difficult part remains— transfer 
nng the fish to trucks Since many catfish are marketed live and almost 
all the remainder are hauled to processing plants live in tank trucks, they 
must be rapidly transferred to trucks or to holding ponds, whidi create 
the necessity of subsequent smaller harvests, with additional labor costs 
Most of the emphasis in research and development has been P'aced o" 
methods to rapidly transfer the fish to trucks, but the use of holding 
ponds has the advantage of permitting the cultunst to keep supplies of 
fish on hand for ready delivery to buyers If fish have been baited or fed 
immediately before harvest, they may be placed m holding ponds for 24 
hours to void the gut, thus eliminating vomit and excreta as sources of 

pollution in tank trucks , u u » i . 

A practical sue for holding ponds is 0 4 ha They should be at leas 
1 2 m deep with a bottom sloping at about 1 3% toward a 15 cm diameter 
drainpipe A supply of fresh water should be available for flushing Stock 
mg aiid holding ^nds should be limited to 1000 fish/ha in summer and 

Uvice that in winter , , , 

Among the devices proposed to faalitate transfer from harvest basin or 
holding pond to truck are a hydraulic boom, a conveyor connected to 
the mechanical seme puller, and a vacuum pump The vacuum pump 
appears most promising It consists of a 5460 liter vacuum tank mounted 
on the back of a truck and equipped with a compressor driven by a farm 
tractor power takeKifl shaft A 15 cm diameter hose passes from the tank 
to the bag ot the seme As air is remmed from the tank the intake gate 
is opened\nd the tank fills with water and fish ^brnt a mm When the 
tank IS full the compressor cuts off automatically This pump has sue 
cessfiilly lifted 300 channel catfish aveiglimg 126 kg without injury, and 
much CTcater success is deemed likely 

Use of die conveyor entails pulling the seme onto the comeyor apron 
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removed by angling If an appropnate fee is charged, the monetary re 
turn per surface area of v^ater may be higher than that obtained from 
conventional harvest and sale of fish More conventional means of partial 
harvest involve concentration of fish in shallow water by baiting and 
capture with seines or basket traps Nets used in partial harvest are usu 
ally treated with tar to prevent snagging of the pectoral and dorsal spines 
Total harvest traditionally involves partial drainage of the pond to 
concentrate the fish in the harvest basin This is an inconvenience at 
best, as even with a large-diameter drainpipe, an 8- to 20-ha pond may 
take several days to drain More important, it imposes a number of re 
strictions on the cultunst, the most severe being the necessity to limit 
harvesting operations to the cold months, since the danger of concen 
fration of large numbers of fish in the relatively small area of the hanest 
basin, resulting in severe oxjgen depletion, is multiplied greatly dunng 
hot vseather The problem may be alleviated somewhat by continually 
pumping fresh, oxygenated water into the harvest basin 
The usual method of captunng fish concentrated in the harvest basin 
IS by seining The fish may be further concentrated by feeding in one 
spot just before seining Baiting is not recommended if fish are to be 
loaded on trucks immediately upon capture, nor should they be fed the 
day before harvest, since when live fish are transported the gut should be 
empty 

Seines used in harvesting catfish should be 2 4 to 3 0 m deep, of 2 5-cm 
mesh to avoid giHing or otherwise injuring the stock, and of appropnate 
length to cover the entire harvest basin In most ponds it will be found 
advantageous if seines are construacd with a 30 strand sisal twTne rope 
or a heavy jute rope in place of the usual lead line, as the leads tend 
to dig into soft bottoms, causing the seme to be partially filled with mud 
If the pond to be harvested is regularly shaped and has a smooth bot 
tom seining could theoretically be employed to harvest the entire crop 
without drawing down the pond However, in practice this would require 
excessive amounts of time and labor Researcheir of the Bureau of 
Commeroal Fisheries have resolved this problem by employing a mod 
ificauon of the mechanical Lake Ene type haul seme rope puller The 
unit is powered by a 7i^ HP gasoline engine, which pulls a manila tow 
rope connected to the bottom of the seme by short to^le ropes Seines 
used with this gear may be 600 in or more long and 3 m deep, with a fish 
bag 2 5m wide X 3 m long X 3 m deep m the center Deuchable 120-m 
wings enable the operator to adjust the seme to various pond sizes This 
seme puller has made it possible to harvest ponds up to 20 ha m sue with 
no drawdown and reduced the time required to concentrate a crop of 
catfish in the harvest basin from a matter of days to a few hours A three 
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man crew using this device was able to harvest 85% (16,300 kg) ot the 
fish in a 16 ha reservoir in a single morning 

Catfish may also be concentrated for harvest by 
Experimental setups of this sort involve a number of ponds ™ 
a cLtral canal At harvest time runways connecting 
canal are opened and the fish are lured or driven into the 
same principle may he used in harvesting from P^j;- 

using Lps rather than canals Recently a trap utilizing 
feeder has been shown to permit efficient harvest 

other waters which are full of obstacles to ' “7“ LSw 

ment (Fig 2) Methods of inducing migration by noise or artificially 

created currents are also being studied c u__ 

With the fish captured, or at least concentrated, the problems of bar 
vest are still not oLr In fact, the most difficult part 
ring the fish to trucks Since many catfish are m^keted live 
all the remainder are hauled to processing plants live in ^ 

must be rapidly transferred to trucks or to holding ponds create 

the necessity of subsequent smaller harvests with ^ 

Most of the emphasis m research and developmen f “f 

methods to rapidly transfer the fish to trucks, but the use of holding 

ponds has the advantage of permitting ‘“^""P'^^’orfej 

ffih on hand for ready delivery to buyers If fish have been bmted or fed 
immediately before harvest, they may be placed in holding P°"ds for 24 
hours to void the gut, thus eliminating vomit and excreta as sources of 

"Trctmal nm fofholding ponds is 0 4 ha They should be at least 
1 2 m'^deep with a bottom sloping at about 1 3% toward » 1 ^ cm diameter 
drainpipe*^ A supply of fresh water should be available for flushing Stock 
mg aMLlding^nds should be limited to 1000 fish/ha m summer and 

twice that in winter . . u — ^ 

Among the devices proposed to faalitate transfer from ^si" ” 

holding pond to truck are a hydraulic boom, a conveyor connected to 
the mechanical seme puller, and a vacuum pump The v^m pump 
appears most promising It consists of a 5460 liter vacuum tank mounted 
on'^the back ofa truck and equipped ivi.h a compressor dnven by a arm 
tractor power take oil shaft A 15 cm diameter hose passes from the tank 
to the b'lig of the seme As air is removed from the tank the mmke gate 
IS opened^and the tank fills with water and fish ^ ' i^T 

tank IS full the compressor cuu oil automatically Tin pi mp i^ sue 
cessfully lifted 300 channel catfish weiglimg 126 kg without injury and 

mucli creaier success is deemed likely 

Use of the conveyor entails pulling the seme onto the conveyor apron 
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removed by angling If an appropriate fee is charged, the monetary re 
turn per surface area of water may be higher than that obtained from 
conventional harvest and sale of fish Xfore conventional means of partial 
harvest involve concentration of fish in shallow water b) baiting and 
capture with seines or basket traps Nets used in partial harvest are usu 
ally treated with tar to prevent snagging of the pectoral and dorsal spines. 

Total harvest traditionally involves partial drainage of the pond to 
concentrate the fish in the harvest basin This is an inconvenience at 
best, as even with a large-diameter drainpipe, an 8- to 20 ha pond may 
take several da^s to dram More important, it imposes a number of re 
stnctions on the cultunst, the most severe being the necessity to limit 
harvesting operations to the cold months, since the danger of concen 
tration of large numbers of fish in the relatively small area of the harvest 
basin, resulting in severe oxygen depletion, is multiplied greatly dunng 
hot weather The problem may be alleviated somewhat by continually 
pumping fresh, oxygenated water into the harvest basin 
The usual method of capturing fish concentrated in the harvest basin 
IS by seining The fish may be further concentrated by feeding in one 
spot just before seining Baiting is not recommended if fish are to be 
loaded on trucks immediately upon capture, nor should they be fed the 
day before harvest, since when Jive fish are transported the gut should be 
empty 

Seines used in harvesting catfish should be 2 4 to 5 0 m deep, of 2.5-cm 
mesh to avoid gilling or otherwise injuring the stock, and of appropriate 
length to cover the enure harvest basin In most ponds it vvill be found 
advantageous if semes are constnirted with a 30 strand sisal twvne rope 
or a heavy juie rope in place of the usual lead line, as the leads tend 
to dig into soft bottoms causing the seine to be partially filled with mud 

If the pond to be harvested is regularly shaped and has a smooth bot 
tom, seining could theoretically be employed to harvest the entire crop 
without drawing down the pond However, in practice this would require 
excessive amounts of time and labor Researchers of the U S Bureau of 
Commercial Rishenes have resolved this problem by employing a mod 
ification of the mechanical Lake Enetype haul seme rope puller The 
unit IS powered by a H/z HP gasoline engine, which pulls a mamla tow 
rope connected to the bottom of the seine by short toggle ropes Semes 
used with this gear may be 600 m or more long and 3 m deep, with a fish 
bag 2 5 m wide X 3 m long X 3 m deep m the center Detachable 120 m 
wings enable the operator to adjust the seme to various pond sues This 
seme puller has made it possible to harvest ponds up to 20 ha in size with 
no drawdown and reduced the time required to concentrate a crop of 
catfish m the harvest basin from a matter of days to a few hours A thrM: 
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White, Ed , American Fish Farmer) 


bar. As a general rule, cultunsts who stock less than 100,000 fingerltngs 
annually will find it more economical to buy them 


Spawning o£ channel catfish in captivity has become 

only since 1960 The most severe problems of the early catfish cultunsts 
were brought on by the nervous and aggressive temperament oj he clmn- 
nel catfish Fighting between males at spawning time was a particularly 
I uiinsn. rignuwi, reluctance of some fish to spaivn m cap- 

unfortunate consequence, but the rciuc ,i « 

tivity was also prllematical. Unless wild fish ™uld be captured at the 

If i • Titoneers in the field preferred to acclimate 

peak of sexual ripeness, the pioneers m . » , 1 ,^^ -ri • 

.If ^ l«*fore attempting to breed them This 

stock for UNO years in captivity DCiorc dwci. 1 fe r , . 1 1 

, . V iw the establishment of hatchery stocks 

practice has been eliminated by lue , 

going back several generations Fighting as a source o inju^ and mor- 
tality among brood stock has been virtually eliminated by tlie develop- 
ment of sophisticated methods of handling and stocking spawners. 

Another problem faced by the eaily cultunsts was the fret, ueiit con- 
fusion of channel and blue catfish. Although channel catfish are generally 
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SO the fish can be mechanically loaded onto the truck. By using the con 
veyor ts\o men have been able to load 1575 kg of fish in 50 mm Its use 
IS limited by the fact that many pond le\ees are structurally unsuited for 
It 

The hydraulic boom is a very straightforssard device which lifts am 
tamers of fish from water le^el to the truck on which it is mounted ^Vhile 
this eliminates the drudgery of hauling fish up the le\ee, there is still 
the time consuming chore of dipping fish into the container 

Up-to-date information on catfish harvesting gear and techniques may 
be obtained from the National Marine Fisheries Sersice, P O Box 71 1, 
■Rohweir, Arkansas 71666 


YIELDS OF AMERICAN CATFISH CULTURE 

The efficacy of inicnsise pond monoculture of catfish m the south central 
sutes IS attested to by the faa that in the 1950s, when nee field culture 
of buJfalofish and catfish was in vogu^ the normal range of fish produc 
tion svas 225 to 1170 kg/ha over a 2 year growng period, whereas today 
the average annua/ production of catfish ponds in Arkansas is 900 kg/ha 
(Plate 1) Table 10 lists a few of the higher yields obtained and briefly 
outlines the methods employed m achieving them 


BREEDING CHANNEL CATFISH 

In 1966 in Arkansas alone the demand for catfish fingerlings was an esti 
mated 8 million Since suaiessful hatcheries can produce 44 000 to 220 000 
fingcrhngs/ha, it can be seen that there is considerable opportunity for 
profit in laige-scale production of catfish fingerlings Some laige catfish 
farmers breed their own slock and thus operate on a completely self 
sustaining basis but the majority of producers of catfish for the market 
continue to purchase fingerlings from spcciaUsts 
Catfish breeding requires more skill and experience than growing 
fingerlings to marketable size and should not be undertaken by the neo- 
phyte (Plate 2) After he has gamed a certain amount of expertise, the 
culiunst may vsish to expand into production of fmgerbngs for his own 
use or for sale if he has suffiaent space to accommodate brood stock 
ponds spawning ponds fry leanng ponds and so on without reducing 
the acreage deioted to growing fish for market The cultunst anuapatmg 
breeding his own stock should also determine whether his annual need 
for fingerlings is large enough to justify tlie addiuonal expense and la 
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Ames Iowa Channel about 800 fingerlings Unknown Unknown Unknown 3 977 Experimental cul 

catfish ture m tertiary 

sewage treatment 
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their darker coloration and shorter, wider head. The female genital open- 
ing is slitlike rather dian tubular as in males. As spawning time ap- 
proaches, males develop areas of dark pigmentation under the jaw and 
body and the genital papilla becomes enlarged and protrudes. In females, 
the vent becomes loose, inflamed, and swollen and may pulsate when 
examined. When, as happens on occasion, the sex of a fish is not 
on visual examination, a broom straw rubbed longitudinally over the vent 
will hang on the vent if the fish is a male. 

Prominent, reddish genitalia are one of the signs that a fish is ready 
to spawn, but the principal criterion in selecting breeders o either sex 
is general condition. Furthei indications of ripeness in females are soft, 
distended ovaries, palpable through the body wall, and a full, rounded 
abdomen, extending posteriorly past the pelvis to die genital orifice. To 
avoid being misled by a gut distended by food it is best not to feed brood 
Stock prior to selection of spa^vners. 


CONDITIONING OF SPAWNERS 

Channel catfish may mature as early as 2 years of age and as ™all as 33 
cm in length and 0.33 kg in weight, but lor 

to use brood stock 3 or more years old. Fish of 1 to 4.5 kg are pre e , 
since larger fish are hard to handle, require too much space, and are not 

as reliable spawners as smaller animals. ,,-v in 

From December on, spawners are generally kept segregated by ex m 
ponds of about 0.4 ha in area. Recommended stocking density o 1.0- to 
1 . 5 -kg fish is 270 to 360 kg/ha it further growth is desired or twice that 
if itfs not Feeding of brood stock is one of the most important phases 
of ca^h "ulture, lecause it influences time of 

size of eggs produced, incidence of fighting ^ong the males, and gen- 
eral heaul of both spawners and offspring. Of water tem- 

peratures are low. brood stock as well as other fish should be M on^on 
warm days but whenever the water temperature exceeds 13 C pawners 
may be /ed 2 to 3% of their body weight 3 or 4 days a -eek. However 
much is fed, it is important that a substanual 
the diet be composed of fresh or frozen meat ” 

cold weather catfish seem ^”“3 ^nhJce the attainment of 

feeds and brood stock with a ready 

:rcTof arm:rproter:yTto^ ttair ponds with fathead minnows, 
rce otanim p . /. are transferred to spawning ponds, 

th^y mi; rs^Jitctd to conventional pelleted dry feeds at 4% of body 
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Plate 2 James W As-ault of Louisiana State UnivcisUy holding a breeder channel 
catfish (Courtesy James W AvaulL) 


lighter in color than blue catfish, some individuals are quite dark and 
are erroneously called "blue catfish by fishermen This source of confu 
Sion has been g;reatly reduced by the establishment of pure hatchery 
stocks of both speaes Should any question arise, examination of the 
anal fin will reveal the identity of the fish in question In channel catfish 
this fin has a rounded margin and 24 to 29 rays, in blue catfish the margin 


is straight and there are 30 to 36 rays 

Sexing was also once a source of difficulty for catfish farmers To- 
day. hot ever, experienced workers approach 100% accuracy m detCT 
mining sex Males may be superfiaally distinguished from females by 
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POND SPAWNING 

The three types o£ spawning practiced in diannel catHsli culture, in 
deaeasing orLr oE similarity to natural spawning, are pond spawning. 
pe™ning and aquarium spawning Most culturists still use the mos 
primLe method, pond spawning, because it requires minimal Eacilities 
L wll as demanding tl/least time, labor, and I*--! ^^dTaL" 

recommended lor all situations where there is insufficient 
for proper application of more sophisticated methods or ™ 

consistently produce an adequate quantity o£ high quality ^ S 

Channe/catfish have been propagated in ponds as large as 26 ha, but 
spawning ponds average about 0 4 ha Spawning ponds 
sLctedlLlarly to growing ponds and be no deeper *an 2 I^m m^any 

point They should 30 to 40 days before 

hmed Spawning pon ® ® g chance o£ establishment of preda 

mr ro‘r« day interval two o. three applications 

of 16 16 4 (N P K) fertilizer at 45 kg/ha are recomm 
Eoual numbers of males and females are stoAed at 50 to 330 fish/ha 
and^airing is allowed to occur naturally This entails 
among the males but has the advantage of permitting ^ 

null l.€ffs earthenwErc crocks, ana so on, spa i 

nail Kcgb, cuLiicuwa XJiprc need not bc onc spTwniPg 

rlTptTdelreach^au oTbI^^X spawning will not be synchronous 
SuriM Catfish bfe^ders provide anywhere from 

receptacles as spawning pairs Natural spawning ^ 

15 cm to 1 5 m but it is best to place spawning receptacles in at lea t 0 6 
mMrlerm minimize disturbance to the spawners Recep.ac es placed 
ot water to mi difficulties in handling and manage 

deeper than arms length pr^nt unn™ 

ment Nearly any suitable „nce the constricted 

or simihrly shaped containers are pre mi cmunint? recerv 

opening reduces the chance of fry getting out All metal spanning recep 

tacles sLuld be snabbed inside and out with f'" , , 

f , should be numbered and clieckcu periocii 

Each spanning 3 „n.ng and hatching Checking 

cally, and records should he kept ot , receptacle 

may be carried out by visual evain ^ „ ,3 ,,„„I out of the 

If. after frightening the Less disturbance is occa 

ix)nd and most of the skater genti) 
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weight per day, or more i£ they will eat it Dry feed should still be sup- 
plemented by fresh animal protein, however All feeding is discontinued 
at the onset of spawning 

The State Fish Hatchery at Centerton, Arkansas, has had good success 
feeding brood stock wth cut fish, supplemented by a speaally prepared 
pellet feed, according to the schedule given m Table 11 


TABLE 11 FEEDING SCHEDULE FOR CHANNEL CATFISH BROOD STOCK USED AT 
THE STATE FISH HATCHERY, CENTERTON, ARKANSAS 


December-February 

March 

Apnl 1-15 


April l5-omet of 
spawning 


Small ponioDs of cui fish, fed on warm days only 
Cut fish gradually increase amount until by April 
1 the breeders are fed as much as they will eat 
After atockiRg in spawning ponds contsnve cut 
fidi as a supplement to pellets, feed as much as 
the breeders will eat, twice a week 
Cut fish feed as much as the breeders will eat, 
twice a week 


SPAWNING IN NATURE 

In nature, channel catfish migrate to the shallow's of nvers and lakes to 
spawn sometime between Apnl and July, depending on latitude Viaous 
fighting between the males may precede spawning, with severe injury 
sometimes resulting Not infrequently wounds received in fighting may 
become infected, resulting in the death of the injured fish 

Once a pair is formed, the male chooses a spawning site, usually in a 
sheltered place, such as under a bank, where he constructs a crude nest 
by cleaning the bottom removing as much siU and debris as possible 
He will defend this location against any intruder until spawning is 
completed, the fry hatched and Ihcir yolk sacs absorbed 

Spasvning takes place at 20 to 23®C If the female is not ready to spawn, 
she may be attacked or driven away The spawning act consists of the 
deposition of successne layers of adhesne eggs by the female and indi 
sidual fertilization of each layer by the male The whole process may re 
quire 4 to 12 hours 

When the female is spent, the male drives her away and commences 
guarding and canng for the eggs. In addition to defending the eggs and 
fry until the) are free swimming, the male arculates water through the 
eggs by fanning them with his fins Fanning is occasionally supplemented 
by a more vigorous disturbance of the egg mass with the body and pelvic 
fins. 
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damaged by the male. Where separate liatcliing facilities are available, 
the eggs may also be removed and artificially hatched. Artificial liatcliing 
reduces the chance of transmission of disease from parents to young and 
permits the use of good males in a second, or even third, spawning. Males 
to be so used should receive at least a day's rest and one large portion of 
feed between spawnings. 


AQUARIUM SPAWNING 

Injection tvith pituitary hormones is only occasionally practiced in pen 
spawning, but it is an integral part of aquarium spawning. Since it re- 
quires a considerable amount of skill, the aquarium method is the least 
commonly practiced technique of obtaining catfish spawn. On the other 
hand, it is the most efficient in terms of use of space and producing a 
high rate of successful spawning. Aquarium spawning also permits very 
accurate timing of spawning and the production of try of uniform size 
and age, as well as eliminating the chance of predation by the parents 
or transmission of disease from parents to offspring. ^ ^ 

Channel catfish respond wfll to a wide variety of fish pituitary extracts 
as svell as to human chorionic gonadotropin. Females are mtra- 

peritoneally wiUi three doses of 2.2- to 22-mg of acelone-dned fish pitui- 
tary material or a single dose of 600 to 2200 lU of human chorionic 
gonadotropin per kilogram of body weight. (For a general 
induced spawning of fishes by hormonal injection, see Chapter 3.) Males 

are not iniected. . , , , 

After injection the fish are paired in 23- to 240.hter aquaria provided 
wth running water and tarpaper mats to collect Uic eggs. ^ 
spawning, pairing is crucial. If the male severely ites t le ema e, le 
should be removed and the female kept by henclf until she has received 

two or three more injections. t t • 

Most injected fish will spawn within 16 to 24 hours after the last in- 
jection. Upon completion of spawning the eggs may be remoied for am- 
fidal hatcliing and a new pair of spawners placed in the lank. 

hatching 

If either the pond or pen method of spanming is used the eggs may be 
left in the pond to hatch naturally in 5 to 10 days, depending on Ihe water 
lemperalum. Once eggs are found, disturbance should be minimal until 
the culturist suspects they may base hatched. Excess.se handling, ac.s.ty 
in the , rater neLby, or esen loud noises such as slamming car doors or 
discharge of firearms in the vicinity may cause some males lo relocate 
or cat the eggs. 
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sioned by gently probing instdc ihc container ^sltll a rubber bosc or 
some such dc\ice If a stationary, spongy mass is felt, eggs arc present 
If instead a ssrigghng mass is felt, the <^5 have hatched TJie mile may 
leave when a hose or the hVc is inscrtctl, or he may bite it In the latter 
event he may often be pulled out of the receptacle so that another probe 
can be made Hands arc not rccommcndcti for this pur|>osc, as an angry 
male catfish can deliver a nasty bite Some culturists eliminate both tlic 
necessity of probing and the danger to hands by constructing doors on 
the tops of spawning receptacles so lint the progress of spawning may 
be visually inspected without moving the receptacle 

PEN SPAWNING 

Pen spawning is an advancement on pond spawning m that it permits 
delaying of the lime of spawning to suit the convenience of the cul 
turist, genetic selection of hrccthng pairs, protection of the spawn from 
intruders, the immediate removal of spawned-out fish for reconditioning 
and the treatment of reluctant spawners with hormones Spawning pens 
may be constructed of various materials but arc usually in tlie form of 
three sided enclosures of wire mesh, with the shore of the spawning pond 
constituting tlic fourth side Pens range in size from I2X24 mtol 8X 
3 6m and may be up to 1 m deep at the deep end Tlie sides should be 
embedded 15 cm into the pond bottom and extend 0 5 to 06 m above the 
water surface to prevent the spawners from tunneling or leaping out 
Each pen is provided with a receptacle of the same sort used in pond 
spawning 

As spawning time approaches, the brood stock arc sexed and paired 
in the pens This is tlie most cruaal phase of pen spawning, since if the 
female is not ready, she may be killed by tlie male m only 15 to 20 mm 
time in close confinement On the other hand, large females may attack 
small males thus pairs should be selected so that the male is at least as 
large as, and preferably larger than, the female If there is an excess of 
brood stock, the largest, oldest fish should be spawned first, as they tend 
to ripen earlier Excess brood slock are separated by sex and stocked m 
holding ponds for later use If suffiaent amounts of cold well water can 
be supplied to such holding ponds so that they remain at 16 to 19®C, the 
onset of sexual ripeness in fish held therein can be retarded for some 
weeks If spawning staru off well then lags a 2 5 to 5 0 cm rise in water 
level has been found to stimulate breeders 

Once spawning has started, the procedure of pen spawning is the same 
as for pond spawning except that the female i$ removed immediately on 
completion of spawning to prevent her from eating the eggs or being 




PU.T. 4. catfish hatchin; uough with padd.c wheels to agitate egg ntas., Brawley. 
California. (Photograph by W. O. McLamey.) 


troughs snttth amounts ot a 2 ppm solution of maladiim peen should be 
added daily at the head of the nough to control 

should be discontinued as haicliing t.me approaches, as malaclnte green 

‘'menu™ hatclt, the fry pass through the sides of the ha.citing 
eggs jn comparable 


baskets into the trough. Hatdiing time -vT^eetnd 

temperatures in nature, but up to 98% success may be expecetl. 

HEAIilNG CHANNEL CATfISH FRY 
early rearing in troughs 

It is tmssible to rear fry to fingcrling sire in the spawning ,«nd if the 
ad tit nrf emm«l bm usttally the fry are stocked tn separate nursery- 

fac i urF n«ch have been hatched in trough, can s.mply s.phoued 
i.iciiuics. I r> wniai -irca U hatchinc lias been .illowccl 

tnto tubs for trans|>ort to be driven out of tl.e 

to «c„r ut the , i„cd out of the |x>nd and partially 

rccepiaclc, wliicli i»cn 




Plate 8 Channel atfish egg mass, Brawley, California (Photograph by W. O Me 
Larney) 


Allowing hatching to occur naturally is of course the simplest way of 
proceeding, but artificial hatching enables the culturist to use his spawn- 
ing fadhties repeatedly, thus attaining higher production If conditions 
in the spawning pond are less than optimal, artifiaal hatching will 
usually also increase the rate of hatching If spas^m is obtained by the 
aquarium method, artifidal hatching is of course mandatory The jar 
method has been experimentally employed in hatching, but commerdal 
operators rely on the use of hatching troughs 

Hatching troughs may be of any convenient size, but they should be 
about 25 cm deep and supplied with running water Eggs are placed m 
7.6-cm deep wire mesh baskets hung along the sides of the trough (Plates 
3 and 4). Alongside each basket is a paddlelike agitator extending slightly 
deeper than the bottom of the basket and driven by an electric motor or 
water wheel The agitation thus provided must be suffident to mo\e the 
entire contents of the basket but not to throw the eggs out 

Where possible, water should be supplied to hatching troughs by 
gravity flow, since this system is less liable to failure than pumps and 
the like H v.ell water is used, it may need to be aerated and heated w-iih 
a gas or electric heater or by letting it stand in a pond for a few days 
^yhen large numbers of eggs are placed close together in hatching 
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being fed 4 to 57„ of their l\) i,as been found effective 

desCTibed for conditioning breeders ( , r^mvided Even after 

in rearing fry when the proper p^d^^ 

the fry have been permitted access to the ent p 
continue to feed in the same places 


TABCE 12 COMPOSITION OF THE FEED USED 

STOCK AT THE STATE FISH HATCHERY, CEHTERTON, ARKANSAS 

CATFISH BROOD 

tnoredient — 

Dned milk 

14 00 

Wheat shorts (best grade) 

14 00 

Soybean meal (fine grind) 

14 00 

Cotton seed meal 

14 00 

Yellow corn (fine grind) 

16 00 

Meat scraps 

15 75 

Fish meal a 

0 25 

Vitamin A feeding oil (15,000 units per gram) 

1 00 

Iodized salt 

1 00 

Brewers dned yeast ^ ^ ^ 

TM 10 Tenamycin is added to the feed at 


. I 1 intension Service recommends a different 
The Texas 1 kn ^f^at scraps or tankage per spawn (5000 

feeding regime About 1 kg of ^ , ,^pp,„g 

to 20 000 fry) is to be fed « ^ ^ begins it will be possible 

coming to the surface to feed PP 5^^ 

to determine how much feed ?#> »; to 8 cm long the feed is changed 

as much as they will mnk\',£'a" penetV:fTbe‘:ame sort 

to a 1 1 mixture of ">«< -“F - '"„Ld until spring, when the 
used in growing ponds This le 

fingerhngs are ready for ^Service also recommends that no 

The Texas Agncultural ^ ^nd surface and that no 

more than 1 spawn be stocky P but fry are sometimes 

more than 3 spawns 0£ „s.ssc the more fry are stocked, 

stocked as heasily as jSOOOO/ banested, but since large 

within reason the more ""8 ,be culturist may do belter 

fingerlings bring better prices I7G 000 10 cm ringcrlings/lia 

10 stocE fairl> sparsely ^ uS Soil Conscrsaiion 

base been aclueied, with 35% mortality, but 
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cmpiiecl, and the remuning fr) arc potircd jnto a tub It »s good practice 
%\hen emptying a spawning receptacle to splasli water back into the rc 
ceptacle while pouring so as to wash all the fry out 

Lower mortality of fry occurs if they arc started in nursery troughs 
rather than ponds Trouglis used for tins purpose may be of wood, alumi 
num or fiberglass, 2 4 to 3 0 m long. 20 to 50 cm wide, and .about SO cm 
deep Running ssater should besupplictl at about 23 liicrs/min One large 
spawn or tsso small to medium spawns arc placed m each trough Usually 
the fry arc set free m the trough, but some cuUunsts prefer to transfer fry 
in the spasvning receptacle, which is then laid on its side in the trough 
SMth the mouth facing into the airrcnt 

Fry in troughs will start to feed shortly after becoming pigmented and 
free swimming, or about 3 to 5 days after hatching For the first 4 to 5 
days they should be fed sparingly with a good prepared feed, ground 
suitably fine As time goes on the amount fetl can be increased but as 
long as the fry are in troughs any food uneaten after 2 hours should be 
siphoned off Some eultunsts treat fry in trouglis with 5 ppm acrinasmc 
for 4 hours tsvice a week as a prophylaaic measure 

PREPARATION OF REARING PONDS 

Fry may be brought to fingcrling sue in troughs, but normally they are 
transferred to ponds wiifiin a fesv weeks of haicliing Fry rearing ponds 
vary in size from 0 04 ha to 2 ha or more, but ponds of 0 4 ha or less are 
preferred If possible they should be left dry until just before slocking 
to present establishment of predatory insects Many eultunsts use vanous 
insecticides in permanent ponds or esen in ponds svlierc ssater has been 
standing for a few day-s before stocking, but the dangers presented by 
these substances outweigh ihcir benefits Air breathing speaes, which 
account for the greater number of pisasxirous insects, may be eliminated 
by treating fry ponds wnth a 1 20 mixture of SAE-30 motor oil or cotton 
seed oil and kerosene ai 17 5 liiers/ba twice a week on days when there 
IS just enough wind to distnbute the mixture across the surfare of the 
pond Use of oil on fish culture ponds may, howeier, contribute to oil 
pollution of natural wraters receiving drainage from the hatchery, for 
which the cultunst could be held liable 

STOCKING A AT) FEED1SC 

Fry may be placed directly into the pond, but as insurance against preda 
tors It IS better to stock fry, particularly small ones, m some sort of cage- 
If they are transported to the pond in tubs, cages may easily be impro- 
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FLATHEAD CATFISH 

Production o£ flathead catHsh fingerUngs has proven far more difficult 
than IS the case for other Ictalunds Flathead catHsh have been success 
fully spawned using the pond and aquarium raetho^, but often captive 
Hathead catfish fad to achieve full sexual maturity This failure is ofte 
due to improper feeding, flathead catfish are very p.savorous and may 
not adjust well to feeds, particularly dry feeds, preferred by the culturis 
Flathead catfish also require considerably more space than other Icta 

'“vet another problem in spawning flathead catfish is the difficulty of 
accurately sexmg them Unlike channel catfish, in flathead catfish it is 
die female which becomes darker as spawning time approach^ but 
this IS not a completely reliable cbaracter The best ’"dicators in mature 
fish are the genital papillae In the mature female these oddish and 
slightly raised The genital opening may also be slightly dilated 
Femlle flathead catfish respond as readily as channel 
tions of fish pituitary preparation or human chorionic g^^dmrop"'- 
and if sexmg is accurate, no problems are to be anticipated in spawning 
them in aquaria of appropriate size, say 225 iters or ^cger , , 

Hatching has been successfully earned out in ponds, and in hatching 
troughs as described for channel catfish, it occurs at about the same rate 

■tKr-'X'r.Sp,,., » 

hugs for the trade have occurred m rearing the fry Reported sumval 
rates from fry to fingerhng stage have been as low as 4 to 0% Among 
the problems encountered have been predation, 
and parasites but remedial and/or preventive 

all these causes of mortality A more fundamental d>ffic“y •'“ been the 
r 1 r In arccDt food One successful technique lor 

failure of ™ey foung fry to accept 

starting fry on feed is to spread a pasic oi i 

yolk on a board floated in the minery irough The ' >'cb e"'! « 
hide in the shade of the board, are thus able ■<; 

odor of the food Feeding should commence when the fry first exhibit 

food seeking bclnvior b) circling tlic trong i crhMnlj' 

t tt 1 , c..i-r-/*ecriiUv used IS 1 first food in t feeding sclicdulc 

50 ^^ alone is V ^ ^ ssccks in troughs 

tmplojcd to rear fiathcad catfish fr> up to 'ri,^.Hr 4 r,nrpr 7 «» 

at the U S Fish ramiingENPcrinicntal Station (Table ) * 

line u 5 iisniam g i miUcrirtd in a small amount of 

Iwiled for 15 min ilicn the >olks arc piuscrircu 

" Onginally fresfi carl, flevl. was no. s..,.plc.nen.«l by beef liver, h... 
fn f^Tirom chow and car,, flewh without liver deveIo,«l an apparen. 



194 AQUACULTURE 


Service is considerably more consersame in ns recommendations The 
SCS suggests stocking rates of 2 5 to 5 0 cm fish to reach various sizes 
in one growing season as given m Table IS 


TABLE 13 RECOMME^DED STOCKING RATES TOR CHANNEL CATTISH FINGER 
LINGS AT DIFFERENT SIZES 


NO 

STOCKED 
(PER IIA) 

CROWING 

PERIOD 

(no of 
DAYS) 

ESTIMATE AT ENT) OF SEASON 


NUMBERS'* 

TOTAL 

V\E1CMT 

(KC) 

AVERAGE 

WEicirr 

i^) 

AVERAGE 

length 

(CM) 

88,000 

180 

30,000 

270 

9 

10 

6GOOO 

180 

22 500 

324 

14 

18 

44,000 

180 

15000 

405 

27 

15 

33,000 

180 

11,250 

471 

42 

18 

22,000 

180 

7,500 

378 

50 

20 

11,000 

180 

3,750 

358 

81 

25 


A Assuming a 257o loss 
SOURCE Gnuell et al (1968) 


Some culturists have had success in growing very large (23 to 25 cm), 
robust * fingerlings ' using a 2 year rearing schedule The first year fry arc 
crowded in ponds at 110,000/ha, then they are thinned the following 
year to 22,000 to 26,400/ha 


BREEDING AND REARING FRY OE OTHER ICTALURIDS 
BLUE CATFISH 

Blue catfish have been expcrimcnlally spawned using all of the methods 
described but, since male blue catfish arc less prone to fighting among 
themselves than are male cliannel catfish, most commercial producers 
use the pond method Brood stock is wintered in ponds at 450 kg/ha and 
fed pelleted feed supplemented with cut fish, beef liver, and small hve 
fish, then stocked in spawning ponds at 44 pairs/ha in the spnng Spawm 
ing ponds are prepared in the same manner as described for channel 
catfish Spawning occurs soon after the water reaches 22'’C 

Blue catfish fry may be reared in the spawning pond with or without 
the parent fish but better results are obtained by stocking 2 5 to 5 0 cm 
fry m separate nursery ponds at 88,000/ha In either case fry are fed 
3 to b% of their total body weight in prepared dry feed, 6 days a week. 
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albino fish, which are a light golden color, are also inore attractive o 
consumers when marketed with the skin on and are said to be resistant 
to Ichthyophthiriasis. They possess additional value as a novelty fish for 
stocking in pay fishing ponds. The albino strain breeds true and is being 
cultured in some areas. However, the survival rate of albino channel 
catfish fry is significantly less than that for normal fish. Other goals 
pursued by selective breeding include resistance to low dissolved oxygen 
concentration and more efficient feed conversion. i . 

Hybridization is another means to the same ends sought by selective 
breeLg. Many Ictalurid hybrids have already been produced exper- 
imentalTy, including virtually all tbe possible crosses involving channe 
catfish. Ill hybrids with one channel catfish Parent liave shown bat e 
growth than either parent. The most promising hybrid ^ ^ears 

to be « blue catfish X 9 channel catfish, which has not only sho^ 11 
to 65% better growth than the parents under a variety of stocking and 

feeding regimes, but also grows more uniformly. 

In recem years, the incidence of deformities and ^e f itary 

disorders in cultured channel catfish has increased considerably, and 
inbreeding has been implicated in this problem. fmure‘^‘"*’ 

tion of different strains may tberefore be emphasized in the future. 


PROBLEMS 


PESTS AND COMPETITORS 

Among the pest 

“y^n^S’^d ;".h^o shallow are. 

best prevention but frogs and tadpoles can never be 

from ponds. If tadpoles are numerous enough to ^ 

tial control may be achieved by ^ 

removing frog egg masses Xad-Tox, which can be 

commercially available tadpole poison, 

” T™ r::ceTpests, the fairy shrimp 

the tadpole shrimp {Apm “Hurclt^ fry, while tad- 

pole shrimp cause At present, the only known 

with visual detection and o7 chemicals which are even less 

metliods of eradication entail the use o ^ 
desirable than fair)- shrimp or tadpole shrimp. 
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TABLE 11 EFEJDISC SCJIFOULF FOR Fl^THFAD CATFISH niV 


ACE or FRT 
(days) 

COMPOSITION OF FfM 

rarotrscY or feeding 

1-7 (or until the jolk 
sac IS absorbed and 
feeding behavior is 
fint obsen ed) 

None 


&-9 

Pulvenzctl boiled egg 
yolk 

Hourly during the day, one 
night feeding 

10-12 

rulven/ed boded egg 
yolk and live Daph 
nui 

Hourly during the day one 
nigfit feeding 

15-17 

Frozen shrimp and In e 
Daphnta 

Hourly during the day one 
night feeihng 

1^9 

Equal parts of finely 
ground oommeraal 
trout chow, fredi 
carp ficsfi, and beef 
Iner 

As above, but discontinue 
the nigfu feeding trout 
dios* diould l< presented 
15 mm before the carp 
flesh and beef hver to «ti 
courage acceptance of dry 
food 


thiamine defiaency, v.hich may have been responsible for 27% mortahtj 
before it was corrected 

WHITE CATFISH AND BULLHEADS 

Reproduction of white catfish has not been extensisely studied, but tlicy 
respond to the same general techniques used for channel catfish Any 
fish cultunst wishing to raise bullheads snll find that fry production 
IS the least of his problems, as bullheads placed m a pond will success- 
fully reproduce wath or without the cultunsi's blessings 


SELECTIVE BREEDING AND HYBRIDIZATION 

Selectise breeding of Ictalund catfishes is m its infancy One of the chief 
goals IS the deselopment of fish with smaller heads m proportion to body 
size Success m tins endeavor would benefit both prcxlucer and consumer 
Albino channel catfish, which occasionally crop up in the course of 
ordinary breeding operations, are said to possess this characteristic The 
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.ions on the use o£ a number of cliemicals which have been proven 
eltective remedies. Although many o£ these f 

available, their use can result in the culturists fish bemg condemned by 
the FDA for sale for human consumption. It is small ° 

culturist faced with the loss of part or all of lus crop, but these res - 
tions are not a matter of caprice, and are designed “ 
damage to human healtli and ecosystems by as yet untested chemicals. 

OFF-FLAVOR 

Another problem occasionally encountered by catfish '"^^ed 

Since most causes of off-flavor can be conrected and the fl=>™r “p oved 
before marketing, it is best to capture and cook a few sample fish shortly 
before harvesting. Off-flavor has several possi e causes. , al^l 

Heany Algal Bloom. If sufficient supplies of wamr 
blooms can be eliminated by thorough fludung with well O^^r- 

wise treatment with copper sulfate is indicated. Consult the Soil Con 
Tervirn s" icelo^ Flavor of fish should improve within a few 

A type of strong-smelling benthic algae commonly 

known as mulk grass may develop and imp^t a “““y ^ ° ^ 
ponds which are too shallow or underfertiliied. Copper sulfate the only 

effective treatment. „ . flavor of fish 

On«g. Pollution by spoM food m^ay afl^-h flavo^of fisln 

If this occurs, cease feeding and Husn P 

the bottom if possible. manure. 

Other Decaying Su* substances should be prevented 

and so on, may cause probably be necessary to 

from entering ponds. If problems occu , r 

hold the fish in clean water tor ^ particutaly those applied 

Chemicals. Various agricultural chem part. ^ 

as sprays, may find their way mm p the first step is 

tions. If cliemicals are suspected as a rhlorinated hvdro- 

to determine the PO^hle source of “ heaUh^ are 

carbon insecticides or other substanc 
suspected, the fish should not be marketed. 


ECONOMICS 

PRESENT SITUATION 

Probably no branch of However, 

economic analysis as the catfish ina ry 
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DISEASES AND PARASITES 

The catfish aiUunst is more often called on to deal with diseases and 
parasites than vath pest or competitor organisms Fry and small fish arc 
particularly susceptible to protozoan diseases uhich, due to the schooling 
habit of small catfish, may spread like wildfire and cause losses of epizo- 
otic proportion Adults are less susceptible to protozoan diseases, with the 
exception of ichthyophthinasis or idi, but they sufTcr from a number 
of major and minor parasites 

Among the t»mmonest health problems of adult Ictalunds arc bac 
terial infections and fungus The most important preventive measure 
against these and all diseases and parasites is to maintain the fish m 
good condition This means proper feeding suitable temperatures and 
especially, a good supply of dissolved oxygen at all times It has been 
estimated that the latter condition is not met in 90% of all catfish ponds 
Even healthy fish may be damaged in handling, iliough the damage may 
not be apparent, and the slightest injury may give bacteria or fungus a 
foothold Therefore it is a good idea when handling or transporting 
catfish to add an antibiotic to the water 
Some diseases and parasites may be readily detected and treated by 
even the inexpenenced cuhunst Among these arc ich, fungus infections, 
Pseudomonas and Aeromonas (bacterial infections), and gas bubble dis 
ease Details on diagnosis and treatment of these and other diseases may 
be found in Davis (1953) 

If signs of poor health (reluctance to feed, wasting away, sluggishness, 
Visible parasites, sores, or infiammation on any part of the body, etc.) 
are seen but none of the foregoing problems are apparent, the culiunsi 
IS advised to call the local representative of liis state conservation depart 
merit immediately Most diseases and parasites of catfish can be controlled 
if diagnosed in time, but diagnosis often requires the services of a trained 
fishery biologist Among the imporUnt disease produnng or parasitic 
organisms which fall into this category are the protozoans Chilodon, 
Chtlodonella, CosUa, Scyphtdta, Trichodtna, and Trichophyra, the cope 
pod crustaceans Achtheres, Argulus, Ergasilus, and Lernaea, and vanous 
monogenetic tremaiodes (flukes) and acanthocephalans (spmyheaded 
worms) Digeneiic trematodes, tapeworms roundworms, and leeches are 
ordinarily less dangerous but may reduce weight gain, produce unsightly 
fish, or even cause losses in heavily infested fish The experienced cultunst 
may become able to diagnose and treat many of the difficult diseases 
and parasites 

It has been a source of annoyance to some catfish fanners that 
treatment of diseases and parasites must often be earned out using anti 
quated methods due to Food and Drug Control Administration restric 
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F.C 3 Farm catOrh marUet.ng oppor.un«.ea and opnon, 1969 (A«=r Gmanfield 


1969) 




spp) captured by Am^cVti commeraal fishermen have been falsely 
reprisenL as chLrt^tfish Most of these spec.es ^ ^ m ^e 

o' " 

e.„tu..y — 

to -e opera^^ 

have not been efficient enough to compete md. ^ 

United States As the market expands, however. 

crease and Latin American catfish farmers, "bo already toe die com 
petitive advantage of cheap labor, may be expected to become 

'“in rrmf to e™c prospectus for catfish culture is one of levelling 
growth?:^^ rrne. aber the boom of the /s to marke ma 
. vaniT rpnlizc more 3nci rnorc oi inc 

tures, fewer and fewer ""urists mil composed of the 

profiu The ^'acessful minori^mn increas^j^y^^^^^^^ P ^ 

argest and/or most e cien B™ position by taking advantage 

continually enable them to enhance their po ' 

oE biological and technological ad\ances in t le le 
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due <0 the youthfulness of the tndustry. a good deal ^ 

hshed as recently as 1967 seems inclesant or inapplicable to the p 
"ure catri, farmer About all that can be predicted " 

IS that the most elliaent producers mil be rets arded and the le^ effiae^^ 
mil fail This IS of course an economic truism, but in catfish 
the need for efficiency has been obscured by the lack of direct compc i i 
characteristic of an industry in the first stages 

optimistic tendency of cultitrists and market analysts alil« to tl k 
in terms of aserage but of superior farm management Thus <h"‘= 
been considerable unfortunate speculation in the catfish busillKS 
there mil continue to be if prospeettse catfish culturists arc no 
of the risks as uell as the potential for profit Perhaps the 

be brought into focus by pointing out dial J E, Greenfield, an , . 

of the U S National Marine Fisheries Service, has asserted tha , 
operators .vho base entered the catfish business to date. 
base made a profit Even if it is assumed that the remaining 75% » 
a substantial number of recently established farmers svho ^ 

on shoismg a profit in tticir first year or Uso, it can be seen that . 

IS stacked against all but t!ic most thorouglily aware and 
entrants Present indications are that the economic prognosis or 


catfish farmers is getting poorer n-rti\e 

Before making any commitment of resources or labor, the prospect 
catfish farmer must assess the demand for catfish and the price they 
bring in whatever markets arc available, as well as calculate all the cos 
he will incur in starting and maintaining his business and thus 
whether he will make a profit and what sort of income he can expect 
must also attempt to foresee future trends m costs, prices, and deman . 
realizing that cultured catfish is essentially a new product, therefore t e 
best informed forecasts rest on a shaky foundation of generalities an 
assumptions Finally, he must temper his judgment with the knowledge 
that it takes time to acquire the skills of a superior catfish grower, an 
that beginners almost always make less money than expenenced ban s 
Figure 8 illustrates the marketing options currently available to 
catfish farmer m the United Sutes Readers interested in a . 

economic analysis of the catfish industry are referred to Greenfield (ly / 
and Jones (1969) 


PROSPECTUS 

A serious threat has recently been posed to the U S catfish industry in 
the form of competition from vanous other speaes of fish Various 
fishes from Mexico and Brazil, as v^ell as marine vsolffish {Anatmc 
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used in marine fish culture in Japan, has ^een recetvmg considerable 
attention. This method has already been applied by such 
farmers as Roy Prewitt of Lonoke, Arkansas, who has been ^ble to gr 
675 kg of marketable size channel catfish in a cage 3 m ' ' 

deep. (See Chapter 29 for a discussion of the unique advantages of float- 
ing cages as enclosures for fish culture.) 


GEOGRAPHICAL SHIFTS 

Temperature control has been considered as a means of 
production. It has been found that, using pmsent 

mowine days are required to grow average size fingerhngs to marketable 
fze. Ho^v^r, in the'princip/catfish growing areas, "tive „ 

season (total growing season less excessively hot days. !“^y days, etc) 
is apprLmately 150 days. Clearly there would be 
sort of pond water heater which could add 30 days 
growing season. To date no economically feasible device ^.s s°rt ha 
Th«, ,1.„ h.. 

mg periods. Catfish farmers in souther ” canton so that 

southeast Texas, however, are favored by a ^ 

they can produce nearly 100% ^ca”£h^arms is prSntly in 

summer. The greatest ° . enjoyed by c^^lturists fur- 

northeast Arkansas, but the competitive ^ g 17 -rrparrp This mav 
ther south is causing a southward shift in production may 

be partially offset if efficient techniques of groivmg catfish in thermal 

effluent are developed. southeastern states, may occur if 

Another geographic into *e populations 

the catfish fisheries there decline. Th encouraging 

in the south central states has play P ^ Mississippi 

catfish culture there. Similar fishery reeion have 

Vi.,. ... o.,, 

expanded the market for “’‘ured ra fi 1 . 

ently support the only position, and so on. eventually 

supplying local demands. ^ 0''“fi5h g. P ^ eonsider- 

take their toll on svild catfish stocks i in Georgia, Florida, 

able impetus for the "^0 imTonance. 

and South Carolina, rvhere it is presently 

advertising and marketing 

. V . considered by most cuUurists. but 

An area of research which is pf oa«rtising and market- 

Vi’lndi has great effect on their success, 


Plate 5 Cage culture of channel eatfith in White Oak Lake, Arkansas {Courtesy 
Arkansas Game and Fish Commissiorr, photograph by Pick lamcnce) 

FUTUllE OF THE INDUSTRY 

INCREASED PRODUCTION 

The chief effect of most biological and technical advances tvill be to 
increase production per hectare. Average production is expected to level 
off by 1978 at about 5400 kg/ha, but individual producers will certainly 
exceed this level. Technological advances in such areas as harvesting 
and processing, while having no direct effect on production, will increase 
the amount of catfish reaching the market by making higher per hectare 
and total production feasible for the culiurist. Improved methods of 
processing which facilitate use of presently discarded portions of the 
fish could serve to make catfish culture more profitable. 

CAGE CULTURE AND OTHER MEANS OF INCREASING STOCKING RATES 
Among the areas of research which may yield significant results are nu 
tniion, disease control, hybridization, and selective breeding, but at the 
moment the greatest potential for increasing production appears to 
in methods of increasing the dissolved oxygen content in waters used 
tor catfish culture, thus raising the number of fish which can safely b® 
slocked in a given area of water. Aeration and raceway culture have a 
ready been mentioned, but have yet to find commercial applica^‘°” 
More recently, culture of catfish in floating cages (Plate 5), such as are 
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.ng One s.gnal success m tins area has already been 
decade .he .mage of catfish has been considerably 

are stdl segments of the population ssliich arc repelled by ^ 

appearance of catfish or consider them scavengers 
huLan consumption, there is a greatly increased -arke for - J 
advertised as such A significant factor m the increased 
to housewives has certainly been the circulation of recipe J 

various state and federal agencies The image of catfish in the rmtaurant 
trade has also improved Not only are there catfish specially : 

but other restaurants no longer find it necessary to use sucli meaning 
terms as tenderloin of trout" on their menus In fact, the situation 
been reversed, it is now common practice to falsely label various o 


nsn as cainsii lie Na 

Current research m marketing, conducted pnmanly by the us 
tional Marine Fisheries Service, is aimed at getting farm raised cat s 
to markets they have yet to reach, for example, the grocery chains an 
the heat and serve food packagers Progress in this areas depends not on y 
on the success of marketing research, but on the increased ability 
processors to economically produce a uniform product and the capa 1 1 7 
of cultunsts to meet the demands of processors for a year round 

able supply of high quality, uniform sue catfish Hopefully, the com tn 
efforts of cultunsts, biologists, technologists, and economists will succe 
m further expanding both the supply and demand for catfish 
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adapt well to heavy stocking and artificial feeding Many =>re “to “ 
tremely hardy with respect to environmental conditions and can gr 
where few other fishes will survive Their only serious drawb^k from a 
fish cultunsts point of view is their great voracity, which 
mental feeding a must This expense is compensated for somewhat by 

their catholic taste 


CULTURE OF PANGASIUS SPP IN ASIA 


CAPTURE OF WILD FRY AND SPECIES USED 

Though channel catfish farmers in the south central United State^may 

be the most highly publicized growers of catfis , t ey Indochinese 

the first The history of catfish culture probably began " 

peninsula, where a number of members of tbe genus « 

Siluridae) have been grown - X^eXamtlm 

important species is Pangasius sutcht (pla sw -which 

length of 150 cm The smaller Pangasius ‘ Pan 

reaches 70 cm, is less important, but it « "llvTo ™ is kss 

gastus micronemus (pla sangawad), which grows gnlv stocked 

deemed as a species for culture, but it is ™ 
with the two preferred speaes Pangasius sam vio ^ (P possible, 
sidered a good food fish, is also excluded from culture where possible. 

because.it is too large— up to 250 , culture of Pangasius 

As IS the case with many forms of f of nattily 

spp was originally dependent on P production still 

produced fry, and a substantial P™P° rivers at various 

originates in this way Natural S and® there, particularly 

times between June and November, an Kreane Kn Canal 

m the Chao phya River, the Sakakrong River, and the Kreang Kn Gmal 

of Thailand, and the Mekong P-"''’’ ,veighing 80 to 150 g each, 

captured in 1 cm mesh seines Juveni Grand Lac of 

ate also collected, with dip nets, from 

Cambodia during Februan- to Aprd „.cronemus is due largely to the 
Inadvertent stocking of Pangasius ^ 

difficulty of distinguishing between ^ identifying morphological 
Pangasius sulcfi. and tee spec^^^^^^^ 

and behavioral characteristics of 'hes „ , (Table 1) Less is known 
by officers of Thailand s °'P“''“"™ n,„d, Ls a somewhat limited 

about the fry of Pangasius cultured only in Vietnam 

distribution, and is apparently commonly culturea y 
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References 


Recent progress in the culture of the channel catfish {Ictalurus purtc ^ 
m the United States has served to focus attention on the potentia 
culture of other catfishes The suborder Siluroidei is large and 
m general, its larger members, which are represented in the in an 
coastal waters of every continent, are of high quality as foo * 
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feeding commences about 12 hours later f°oplankton is * to rav b 

food of the early try. but small insect larvae and 

taken When availability of these foods " P^^tyttyir^ 

Fry arc maintained m the hatching tan 

they attain lengths of 2 to 6 an ™ ^as been achieved by feeding live 
best survival of very young fry (32 27o) Daphnm may be 

Daphma After the fry attain a length of about 2 cm. ^ap 
supplemented with small pieces of mollusks. worms, and cooked 

GROWING FOR MARKET IN PONDS IN THAILAND. CAMBODIA, 

AND VIETNAM 

In Thailand. Pangasius spp are stocked alone in 

with tawes (Barbus gamonoius) -oked 

When Stocked at about 25/m^ and fed .perpetual plants Pangasius 

broken nee. nee bran, and soft aquatic of 1 year, 

larnaudi fingerlings may attain weights o initially, but may 

and 1 kg in 2 years Pangasius sulcht gro the^diet, as is common 

in Vietnam, weights of 1 0 to 1 2 Rg m y p„„„asius sdp m Thai 

Data on the yields obtained by pon m-e verbal reports 

land. Cambodia, and Vietnam are lac g, floating cages set 

thit far higher yields are "°“®^ere is a gentle current Very 

in senes along the edges of rivers, w 

high yields are also obtained when described for 

ponent of a pig poultry fish farming co p 
Gyprmid fishes in Malaysia (see Chapter 3) 

growing for market in floating cages in THAILAND 
and CAMBODIA 

The floating cage technique, 'J and fingerlings 

practiced in Thailand for only a bt m 9 in surface area 

are inuial.y stocked at 150 to ^OO/tn’ - J ^ plonks, 

and no more than 1 5 m deep, p.a.c is suspended 

covered with mosquito netting 

about 10 cm under the water surfa ,,5 

luth ground trash fish mixed with ^ stocked in larger cages 

they readi 15 cm in length, the yo“"8 ^ commonly built 

Cages used tor 'd .hey may incorporate living quar 

Of 25 mm planks than of ^ 25 mm is left betiseen planks to 

ters for the cultunst A gap of abou 
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TABLE 1 DimNCUISHING CHARACTERISTICS OF FRY OF PatlgOSlUS SPP 



P sutcht 

P lamaudt 

P micronemus 

Mixing of shoals 

With or without 

With or without 

Without both 

P lamaudt 

P sulcht 

speaes 


Fast movement 

Faster movement 

Slow movement 


splashing 

than P sutcht 

of caudal fin 

Ratio of head width 

water at the 
surface 

1 8 

1 6 

no water 
splashing 

1 7 

to body length 

Angle of insertion 

Parallel to body 

Parallel to body 

At about 5U lu 

of dorsal fin base 

axis 

axis 

body axis 

Number of ventral 

8-9 

6 

6 

fin rays 

Mouth cleft 

Wide 

Wider 

Narrow 

Number of gill 

More than 12 

12 short gill 

More than 12 

rakers 

long gill rakers 

rakers 

long gill nikm 

Dorsal and pectoral 

Greyish black 

AbsoJufeJy black 

Colorless 

fin color 

Color of upper and 

Greyish black 

Absolutely black 

Colorless 

lower lobes of 
caudal fin 

souRCZ Pongsuwana and Vankul (1962) 

SPAWNING AND FRY REARING IN 

CAPTIVITY 



In the 1960s in Thailand at least, the effects of overfishing, pollution, an 
destruction of spawning grounds began to be felt in the scaraty, an 
consequent high price, of Pangosius fry Accordingly, in 1966, Thai fis 
ery authorities began to apply the results of earlier experiments with the 
induction of spawning in P sutchi by means of pituitary injection Bot 
sexes receive fractional injections of P sutchi or Clarias balrachus pitui 
tary, followed by fertilization by the dry method (see p 400) Proper 
dosages and time inters als for injections ha%e yet to be worked out, thus 
the range of hatching rates is extremely wide, from 0 to 85% 

Immediately following fertilization, the eggs are placed in fine 
hatdiing nets containing fine fibrous materials — either aquatic plants or 
such artificial substitutes as palm and jute fronds — and allowed to attac 
Hatcliing occurs 24 to 53 hours after the nets are placed in clear water at 
26 5 to310®C 

The mouths of the larvae open about 36 hours after hatching, an 



. J 

X /r«..rfMv Roval Tha» Department of Fish- 

Platc 1 Cfanar batrachus (Unnaeus) ( Y 

enes) 

tinent. and Africa, as svell as in P-" aTrteS 

catfishes are distinguislied by ^^^5 at a time out of the water, 

organ, which enables them moist mud. They may 

or indefinitely in o’‘yS«";P°° ^-atiiity by coming ashore at night in 
take further advantage of their J renders tliem svell 

seardi of food. The extreme har r^opical east Africa, where their 

suited to culture in arid -8--" “s^e Chapter 12). 
use has been promoted ,^„pieoi Africa is even 

Interest in culture 3 „ecess has been achieved in Thai- 

more recent, but already spcct macrocephalus. two of the most 

land, where Clanas “ aU, riving industry which is becoming 

highly valued '"PP „„rrocep;mft» is preferred by consumer 

progressively more cfiicietit. c. m ^ P batrachus because it 

for its more tender fiesh, but 

grows faster, and it has become the dominant species. 


COLLECTION OF WILD FRV 

The major source of fry of both sterns is ..XT- 

ccphalus spawns during the q batracUm spawns at a 

tom of paddy fields in 20 to j Hatcliing requires 20 hours 

similar depth in a honrontal hole in the 
at 25 0 to 52.2‘’C. 
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permit passage o£ water Growing cages sary from 2 to IG rn togM ^ J 
m wide, and 1 5 to 2 5 m deep, the most popular sire « 4 m 
Normally bamboo poles are used as floats m order that P 

cage, which IS provided with 1 m X I m holes so the ^ 

mams about 30 cm above the water surface Tliough the rag h ^ 

selves last 10 to 12 years, the bamboo floats must be replaced ry 

’"'High stocking rates (20 to 60 kg/m’) are employed to offset ^ 
high mortality m cages Trash fish is the basic feed during tim 
when fish are plentiful, the daily feed ration is 10 to 157^ of ^ 8 
catfish Wlien trash fish are scarce, maire. broVen rice, nee ran 
aquatic vegetation in large amounts substitute for or supplement 

fish diet Q 10 

Pangastus spp in cages may be reared from 0 08 to 1 Kg m 
months If the growing period is extended to 2 years, weights o 
may be reached 


CULTURE IN LAOS, MALAYSIA, AND INDIA 

Pangaiiuj spp are not limited in their distnbution to Thailand, Cwn 
bodia, and Vietnam but range throughout southeast Asia, from East n i 
to the Malay Peninsula, Indonesia, and neighboring islands Over 
of this area they are not cultured, in some regions perhaps because o 
lack of suitable grounds for collecting large numbers of fry or finger 
This may be the case m Laos where P lamaudi and P sutchi finger inp 
are imported from Thailand in January and stocked at 25/m* m 
0 2 ha in area and 3 m deep Laotian culture techniques are genera 
the same as those employed in Thailand and Cambodia, but fish are n 
used as food Fertilization with pig and chicken dung is earned out, a 
It IS believed that the fish consume some of the resulting plankton ^ 
growing season is limited to 8 months, and growth is relatively poor 
fish averaging only 200 g in weight when harvested , 

The only known instances of culture of Pangastus spp outside n 
china occur in Malaysia where Pangastus mtcronemus may be stock ^ 
combination with lampai {Barbus schv>anenfeldti) and sepat Siam, 
in the Indian state of West Bengal, where Pangastus lamaudt and/or o. 
gasius sulcht are cultured on a limited scale 


CULTURE OF CLARIAS SPP IN THAILAND 

One of the most widely distnbuted catfish families is the Clanidae, 
bers of which are found throughout southeast Asia the Indian su co 



CULTURE OF CATFISHES NATIVE TO 


AUSTRALASIA AND EUROPE 213 


FRY REARING 

The larvae absorb the.r yolk sacs after 5 days at f 

transferred to eat then ponds about 3 in surface area Ponds up to 
iTde"™ be used for fry rearing, but best results are obtained in 

water 10^o 18 cm deep Jelf e^^^ rzoo 

6000/m2— for the first few weeks of life T Y 

planLn. after 2 or 3 weeks, boiled fish -V 

the fry reach 1 5 to 10 0 cm in length, tliey are reaay 

•production ponds 

GROWING FOR MARKET 

;;;;^nsed m growing Cforms spp '^y 

and 1 to 3 m deep They are "l Lee about 50 cm 

to discourage cl, nabing or burromng, J^ 

high around each pond « “ ^ the fish may be 

tmually run into the middle of me pona ai 

discouraged from digging Lke^m about 180/m= and fed on ground 

Fry in production ponds are stockea o i Tor the hst 

trash fish mixed with nee bran at a ratio °f ^out 9 1 

15 days of growth the feed '°™L“r,ce braf Tertilization, wiUi about 

foToe" ranrpL m=, is carried out only if growth is 

By use of these sTcL'and ]« gf LmLlturists thil 

grown to marketable size (•‘1^°'“ ^ „ 5 6 1 food conversion ratio. 

achle^e an a\erage survival rate of 
and the tremendous annual yield of 97,000 kg/ha 

CULTURE or CLARIID, 

CATFISHES elsewhere IN AUSTRA 


CLARIIDS 

In Cambodia. C fiatracfois is grown in rmpouLref 

smaller scale C baUacUus is in Indn 

poljculturc systems in ponds and pl„l,„p,ncs is it occasionally 

Vielnam, and the Philippine^ On > nonc'^of these countnes is it 

fed, on trash fish and small shnmp 
iniensuel) cultured 
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Platx 2 Clartai macTocephatiu (Gunther) (Courtesy Royal Thai Department 
ena) 


Fry are collected in hand nets from May to October, generally 
15,000 fry are collected from a nest- About 50 million fry are co e 
annually in this manner 


ARTIFICIAL PROPAGATION 

Collection of naturally produced fry, extensive though it is, cannot 
vide enough stock for commeraal culture Accordingly, Thai s 
officials have undertaken, with considerable success, to spawn Clanas spp 
in captivity As early as the raid 1950s it proved possible to 
batrachus by method similar to those used in spawning channe ca 
in the United States In place of the metal or wooden containers use 
spawn channel catfish, horizontal holes, 20 to 35 cm in diameter, 
dug in the bank a little over 1 m apart, and aquatic plants vsere p 
vided nearby. About 80% of the pairs stocked near such holes spawn 
within 7 to 10 days, yielding 2000 to 5500 fry per spawning ^ ^ ^ 

C macrocephalus was induced to spawn by means of pituitary mj 
Single intramuscular injertions of 100- to 190-g fish writh 13 to 26 
pituitary extract per kilogram at 25 to 32°C produced spawning 
14 to 16 hours in 60 to 80% of cases, even when the breeders were p a 
in small aquana . . 

Fertilized eggs are placed in shallow troughs and jars, where hat 
takes place within 20 hours at 26 to SS'C The water should be 
twice daily and fungused eggs removed as soon as they are detecteu. 
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sexed by observing the shape of the urogenital papilla, but details of 
sexing are not known to us 


SILURIDS 

Traditional Chinese fish culture methods make no use of catfish, but the 
native Silund catfish Pmaniurus asotus is sometimes 
communities in Taiwan, and the possibility of its culture as well a‘ 
of the Bagrid catfish Pseudobagrm fulv, draco, is being studied in mam 

’“Anofer Asian Silurid, Wallagoma aitu. sometimes 

shark" because of its high dorsal fin, is sometimes used in ^ 

fish culture in reservoirs and swamps ,n Pakistan W ^ 

in ponds because of its extremely voracious and piscivorous Ceding habits 

O^pak b,maculatus. which is occasionally stocked in ^ b“" 

attiLally spawned by means of injections of cyprinid pituitary extract 


CULTURE or SILURIS GLANIS IN EUROPE 
A Silund catfish which has been 

giants), native to many of the larg r^nr^duction 

have occasionally been used as predators to con ro P 

in pond culture of various fishes in Europe, but it is only" the last few 
years that they have been bred on a large scale, first in Hungary, then m 
Yugoslavia and Czechoslovakia 

ARTIFICIAL PROPAGATION 

Sheatfish spawners may be obtained from rivers or they may b^venvm 
tered in running water in 300 to 800 storage ° f,“P 

In the latter cafe, 30 to 40 kg of small fish must be P^-^ed m“^J » 
food for each 100 kg of sheatfish The ,7'"' m.lm spring 

spanning ponds, but the 3 s%irwmer temperature reaches 12 

to TheTersmTyTe'distinguishetl externally by ^P^, 
genual papilla, wliicl. is narrow, pointed, and n.pplebke m males 
nule and rounded in females ^ j 

When the -ler temperature reacl^ 20 C,^.hebas^^^_^^^ 

spaiMung are filled to a ‘''P‘b °f ' ” <^„«r„c,ing a shealfisli spawning 
nests are constructed Ibe ‘^“e ther to form a ln,>od. whose 

nest 15 to bind ihrcc 18 to 2 0 m sticks g 
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of large scale spawning and have developed an artificial feed, 
dried liver, dried vegetables, yeast, and other ingredients which 
abled them to rear substantial numbers of fry past the '‘'‘B 
nibahsm ts a serious threat At present they are capable <>' 
amounts of edible sued fish, but only with high rates of toAing 
feeding 'Experiments conducted at the Serrow Fish Farm 
polyculture of C lazera with common carp and Ttlapia spp 
suit m better yields than are presently achieved through monoc 
carp, the prevailing mode of fish culture in the UAR^ 

Another member of the Clanidae, Heteropneustes fosst ts, . ^ 
cultured for some time in Pakistan Indian biologists have reantiy 
an interest in the speaes, and have had some success with ar i 
induced spawning 


PLOTOSIDS 

Two estuarine species of the Australasian catfish family Plotosidae, 
ius anguiUans and Plotosus camus, occur as inadental fishes m 
nesian tambak culture of milkfish (CAanoj chanos) (see Chapter j. 

another Plotosid, the freshwater Tandanus tandanus, is sometimes 
keted as a food fish in Australia There are no established fis ^ 
enterprises of any magnitude in Australia, but when the possi i » 
freshwater pond culture is suggested T tandanus always figur^ *”arch 
speculations Experiments carried out at the Inland FisKenes 
Station Narrandera New South Wales, indicate that this cat s 
easily be kept and bred in small ponds It is a nest building 
for tins purpose gravel should be provided though it will 
much less success on a mud bottom It seems to be necessary that t e 


temperature be at least 24°C for the fish to engage in repi 


iroductive be 


havior Spawning which has been observed in 0 5 to 1 2 m - 
be accelerated by a slight rise in the water level but this is not a 
condition A subsequent drop in the water level will cause the a 
ment of nests One or both parent fish guard the nest until after lat 
but it IS likely that, as is the case with many species exhibiting ** 
behavior m nature, parental care would prove unnecessary m 
culture, where predators are excluded It is said that T tandanus 


of water, may 
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■will be suggested One accidental introduction has already occurred in 
Florida, where Clarias batrachm, the albino form of which is commonly 
brought into the United States as an aquarium fish, has become accli- 
mated Ecologists and sport fishermen tend to view the “walking catfish 
as a destructive force in the Florida ecosystem and hope to limit its spread 
Local fish culturists, who have on occasion seen tlieir channel catfish 
undersold by imported catfishes. also have a negative opinion of C 
batrachns However, recently Fred Meyer of the United States Fish and 
Wildlife Service has admitted that "Exotic fish such as Clarms and Pan 
ga«.«, African and Asian catfishes, though in disrepute at tlie moment, 
could conceivably replace the channel catfish 

The fears of sportsmen and ecologists seem well grojmded, and it is 
recommended that introductions of exotic catfishes, in the United States 
and elsewhere, be undertaken cautiously, if at all On the other hand, 
there is no reason not to follow the example of the Hungarian sheatfish 
culturists and proceed energetically in exploring the possibilities f 
culture of native catfishes throughout tlie world 
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legs arc inserted m the pond lioiiom Roots of willow or alder or twTgs 
or pine or thuya arc suspended from these fnmes to collect the idhesise 
eggs Mats made of reeds arc placed under the collectors to sahage eggs 
that fail to attach The number of nests placed m cadi spawning 
usually 2 to 4, corresponds to the number of pairs of slicatfish stoc e 
The spassners are placed in the fnsin the same day it is filled, and spawn 
ing usually occurs SMthin a fciv days, if not the following night 

The nests are dicckcd daily from a small boat Tliosc that contain 
eggs are remosed and the twigs and mats, with eggs attached, are hu^ 
on wires and suspended in covered hatching crates 150 cm X 50 cm 
60 cm deep, made of 0 5 to 0 8 mm mesh pcrlon Tlie loaded crates cac 
containing 30,000 to 50,000 eggs, arc affixed next to the inflow pip^ 
storage basins similar to those used in overwintering and spavining 
Hatching occurs in about 60 hours at 20 to 22^C The population density 
of the newly hatched fry is adjusted to 50 to 70/m" Basins containing 
young fry are provided with ample cover in the form of twigSr reeds, an 
bricks 


REARING FRY AND CROWING FOR MARKET 

^Vhen, 4 to 5 days after hatching, the fry attain the length of 12 mni 
they begin feeding At this time it is necessary to provide large amounts 
of plankton At the age of 10 to 12 days the fry may be switched to a dirt 
of ground fish and scrapings of liver and spleen These foods are presented 
by smearing them on a black tray or the side of a flowerpot In addition 
to provision of shelter and heavy feeding, periodic removal of the fastest 
growing fish is necessary to forestall cannibalism , 

At the age of 30 to 35 days the 5 to 6-cm shealfish fingerhngs are sto 
in ponds at 1500 to 2000/ha A ready supply of food can be assured y 
spawning common carp {Cyprmus carpio) and tench {Tinea tinea) m the 
pond 15 days before stocking it with sheatBsb At the end of their fs* 
summer, the young shealfish weigh 50 to 100 g and are ready for stocking 
in carp ponds at 50 to 150/ha Most shealfish are harvested along vath 
the carp at the end of the following summer, at which time they weig 
0 5 to 1 4 kg In some cases enough 2 year olds are left to populate the 
pond at 35 to 60/ha. These fish are harvested the follovsing fall as 1 5 to 
2 0-kg specimens 


WORLDWIDE PROSPECTUS OF CATFISH CULTURE 

As the success of Asian catfish cultunsts receives more publicity, ** 
certain that the transplantation of some of the Asian catfish in other areas 
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solved oxvEen. Indeed, so dependent have they hecome on the labyrinth 
that it denied access to atmospheric air and forced to rely enure y on t eir 
gills for respiration, they will "drown." 

The anaLntids are also unusual among J^Xih 

producing floating eggs Typically, the eggs are ’ "eLd seL- 

of air busies produced by the male and preserved by 
tion of the mouth. Some labyrinth fish.., mcluing *ree of *e fije 
cultured food species, do not constrnct bubble nests but nd.scnmmate y 
scatter their eggs or construct nests solely of plant material . 


THE GOURAMI 


NATURAL HISTORY AND DISTRIBUTION 

The largest, and probably the of 

gourami (Osphronemus goramy), which nieces of plant 

about 65 cm. The gourami approximately the sam 

material in about 30 cm of water. The egg PP sealed bv the 

specific gravity as -ter and remain n 

parents after spawning. Hatching time IS Y P j periods 

mre at from hours to 30 f 5 

seem more likely for a tropical gouramis apparently 

days before feeding begins. In large bo 
breed mostly during the dry season, bu p 

time of year. „l,irh has attracted the attention 

The gourami is an excellent food fi . unsuccessfully to 

of European fish cultur.sts ^as Indonesia have proven more 

France. Introductions nearer «> >“ " throughout southeast Asia and 

successful, and O. goramy is now culture ^ b 
in China, India, Ceylon, and the Philippines. 


artificial propagation 

used in India and the Philippines. 
Very simple breeding techniques ar 1 5 m or more in depth. 

Ripe breeders are simply t'" ^ nlanu - Typ>., and nature is 

^'dth a good marginal growth of sucli p j- .j„„„is],cd by their full, 
allowed to take its course. Ripe P'**' males, tliickened 

rounded bellies, the reddish color of 

More specialiied spawning double m 

Ml western Java. In many c.ase5. gourami sp !, 1 
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Culture of Labyrinth Fishes 
(Family Anabantidae) 


The gouranu 

Natural hutffry and dtslnbuUon 
Arttfiaal propagatton 
Fry rearing 

Sepat Siam and three spot gouramt 
Distribution and importance 
Propagation 

Kissing gourami 


Artifieul propagation 
Fry rearing 

Climbing perch 

Use oj anabantids in food production 
Monoculture 
Polyeullure 

References 


Several speaes of labynnth fishes (family Anabantidae) are widely cultured 
in Asia, often in conjunction with freshwater shrimp or other fishes 
Monoculture of anabantid fishes also occurs, and this practice, along ssith 
their unique environmental adaptations and spawning behavior, dictate 
that they be treated separately 

The Anabantidae are differentiated from all other fish by possession 
of a unique accessory air breathing organ, the labynnth, located on either 
side of the gill chamber As is the case with other air breathing fish the 
labynnth fishes are capable of surviving in vaters nearly devoid of div 
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Changing the water involves holding down the eggs with a fine sieve 
and bailing from above This is exceedingly labonous, particularly when 
many lars are involved, so labor saving methods have been sought 
Several adaptations of the jar method, involving circulating water in the 
hatching chambers, have been suggested but, as far as is known, not 

applied - 

Fish fanners in Smgaparna, Java, have successfully applied a circulat 
mg system which completely dispenses with hatching containers 
are opened and the contents, along with the nest fragments, scattered on 
the surface of small, flowing water ponds similar to those used in spawn 
mg nilem (see pp 101-102) Straw is also scattered over the pond surface to 
prevent the eggs from sticking together About 6 m= of pond surface are 
required for each nest 


fry rearing 

The young gouramis feed on zooplankton, whicli develop naturally in 
the dLying nest, until they are about 10 days old and 1 cm long At this 
time, they are captured, usually by draining, and stocked in rearing ponds 
at rates of 1 nest/40 to 200 m= The best food at this stage is white ants 
which are given at the rate of 1 teacup/(nest)(day), twice as much pean^ut 
waste IS an acceptable substitute Fry about 3 cm long may e lu 
tamed in about 3 months Such fish may be sold for stocking, but if the 
fry must be transported long distances, lengths of 5 to 8 cm are desirable 
For growing to this size, die try are transferred into lar^r rearing ponds 
allowing atout 3200 m- tor the progeny of one nest The ptmta^ foo 
at this time is the floating plant AzoUa pmnata, supplemented after t 
second month by minced plant leaves The desired size may thus be 

readied in about 5 months _ »i,„ 

The methods described could be improved For example, at t 
Jabasso fish hatchery in West Irian, Indonesia, a floating fry d>=>"''«r I as 
been designed and tested The combination of this chamber and in 
tensive fen.hzation of rearing ponds with cattle manure 1'=* enablrf 
workers there to achieve a reported 100% survival of larvae Methods of 
induced spawning of gourami are also being perfected 


SEPAT SIAM AND THRLESPOT GOURAMI 


In Indonesia 
2 nd properl) 


the word "gurami' is applied onl) 
speaking, the term in all its 


to Osphronemus goramy, 
\ariant spellings, should 
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rearing ponds for fry of nilem (Osteochilus hasselti) tasvcs 
nionotui) and common carp {Cypnnus carpto). which may be stocked 
before or after spawning Sudi ponds are at least 700 m surface area 
and planted with Hydnlla vertictUata to bind the Irottom soil and provide 
shelter for the fishes H verttciUata is not suitable as a nest ‘"S 
material so artifiaal substitutes for marginal plants are provided by 
driving branching stems of bamboo into the pond bottom where t e 
depth is 70 cm or more Bunches of indjuk palm (Arenga saccharifera) 
fibers or bamboo sticks are loosely fastened m the crotches of the stems 
about 20 cm below the surface, for use by the fish Stems are placed about 
5 m apart, with one being provided for each female gourami slocked 
Before being introduced to spawning ponds, brood fish are stored in 
ponds about 50 cm deep and conditioned on soft plant leaves, soft fruit, 
and nee bran Leaves of Cartca and Colocasta arc believed to be espeaal y 
good for this purpose 

Female spawners are stocked at 1/100 to 150 m* of water surface 
Generally two males are provided for every three females, but this ratio 
may be altered if significant numbers of very large males are present 
Although both sexes of gourami are believed to reach matunty at about 
years of age, the preferred age for spawners vanes locally from 4 to 8 
years 

Nest building, followed by spawning, usually occurs within a few days 
of stocking The first indications of spawning are a fishy smell and an 
oily substance emanating from the nest 

Smaller ponds about 100 m area, stocked only with gourami, may 
be used for both conditioning and spawning Nest building materials are 
provided as described and 10 females and 5 males stocked per pond 
The breeders fed on leaves of Cartca, Colocasta, and other soft plants at 
5 ^g/(pond)(day) plus 4 liters of nee bran twice weekly, generally begin 
nest building in about 10 days and spawn 3 days later 

In some parts of Java the nests are removed from the ponds and the 
eggs hatched artifiaally This has the advantage of permitting more fre 
quent utiliiation of the spawning pond by fresh brood fish Nests are 
opened underwater in 10 liter eanhenware jars, filled to 75 to 80% of 
capacity which serve as hatching chambers Each nest contains 3000 to 
4000 eggs which are distnbuted among 3 or 4 jars Jars of eggs are kept 
cool by placing them in the shade or floating them in the pond At fii^* 
the water in the jars must be changed very frequently to remove all the 
oily substance from the eggs, even after this has been eliminated there 
should be one complete change of water daily Hatching reportedly takes 
about 10 days 
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KISSING GOURAMI 

The k.ssmg gourami {Helostoma temmincki) so named because o£ its 
habit of pLLing Its thick Ups and kissing °‘»er individuals of its 
species as well as other Hslies plants, and inanimate “ 

Thailand, Vietnam, the Malay Peninsula, and the western ^nds o Ae 
East Indies The kissing behavior apparently h!« no sexual fn^‘° ' 
some observers believe it to be a threat display The kissing 
been introduced and cultured in Celebes, Ceylon and P‘'dip^nes 
It reaches a maximum length of about 30 cm and matures at 20 cm, or 
12 to 18 months of age 

ARTIFICIAL PROPAGATION 

S, to 

'in, "S'™,. S’bSd .. .p«..l Pn"l. •"* I” •'"'t,’;" 

C “ ° J en an rm deeo and SO to 100 m* in surface area, 
Spawning ponds are 50 to 80 obtained at elevations 

the larger sizes are preferable The best resuiis aie at 

of 200 lo 700 m above sea level but kissing gouram.s ° 

low elevations Wherever they are located ponds J'* 

an abundance of clear water so that dead and ^ecayng plankton can be 
flushed out The outlet must be supplied with sieves to prevent eggs being 
washed out during such operations ^ 

Before introducing the spawners, pon cpi^rrpd nans thereof 

week and the bottom or, in the case of large pon s straw floats 

covered with damp paddy straw When the pond is filled, the straw floats 

and protects the eggs and brood fish are held m 4-m" 

While the spawning pond IS being pp^^ contains about 

conditioning ponds about 60 cm deep P 

10 fish, wh.fh'Lre held for 30 to 40 

Kissing gouranns They are Lort lived fish and can 

^nd It 6 month intervals thereafier ^ “ y i ^ <tnrlp(l at about 
generally be bred only about if the males are ap 

1 pair/30 to 50 m", when the lo.al weights of the 

preciahly smaller, more may of spawning is indicated by a 

sexes are approximately equal j^e within 18 hours of stock 

chanctcnstic fishy odor, it usinlly t^^e P , . 

mg most often in the carl) morning °"’'ble footl in the pond may be 
calen by die parents an J^mvw l^Ld spawning Ly 

of \aluc in reducing the incidence of su 
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p«,bably be used only to refer to that spec.es Aquansts, however, d“'S 
nate a number of Asian anabantids. belonpng to at least S • 
■Vonramis’ Three of these species the snakeskin gourami 
Llorahft the three spot gonrami (Tnchogaster mchopierus), ^d the 
kissing gourarai (Helostomd tcmmmcki). are also cultured as food 
The snakeskin gourami is better known among food fish cultun 
Sepat Siam, and we so refer to it, the other two species will be designa 
by the names just given 


DISTRIBUTION AND IMPORTANCE 

Both speaes of Tnchogaster are typical bubble nest builders, and thus 
spawn chiefly during the dry season Of the two, the Sepat Siam, na i 
to Thailand. South Vietnam, and the Malay Peninsula, is the larg . 
attaining a maximum length of about 25 cm, and the more importan^ 
It has been introduced and cultured to some extent in the PhihpP*^^*' 
Indonesia, Burma, Pakistan, and Ceylon, but it is still much more pt^^ 
alent m its native lands The natural distribution of the three spo^ 
gourami, which reaches only 15 cm in length, covers roughly the same ar ^ 
as that of the Sepat Siam, plus some of the western islands of Indonesi^ 
A blue subspeaes Tnchogaster tnchopterus sumatranus, native to ^ 
matra, is popular among aquansts, who refer to it as the “blue gourami. 
but IS not grown as a food fish Unlike the Sepat Siam, the three spo^ 
gourami is almost never reared as a principal crop, it is a species 
secondary importance in Thailand, Vietnam, and Malaysia 


PROPAGATION 


lated 


Breeding of Sepat Siam is simple, all that is necessary is a well oxygen, 
pond containing a rich growth of aquatic vegetation, particularly Hyafi 

verttctllata The natural spawning season in Thailand is Apnl to Ocio e^n 

but It may be bred in ponds at any time as long as the water tempera u ^ 
IS 26 to 28°C Conditioning of the lOO-g breeders in the manner descri 
for Osphronemus goramy, is desirable but not essential Hatching 
in 24 to 48 hours, and within 5 to 7 days the fry have absorbed 
sac The fry are reared in the spawning pond where they f^^ ° 

plankton 

Three spot gouramis are not intentionally bred by cultunsts but a 
allowed to reproduce naturally in ponds and nee fields where other 
of fish are cultured There are reportedly two spawning seasons m v.est 
Java, one eacli at the beginning and end of the rainy season but so 
authonties state that it spawns in every month 
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CLIMBING PERCH 

The climbing perch (Anabas testudtneus). native to India all of southeast 
Asia, Indonesia, the Philippines, and southern China, makes J 

extensive use of its air breathing apparatus It may leave the water, par 
ticnlarly during rainstorms, and prowl about on land, aided by the suff 
edges of Its opercula If its home pond dries up, it may walk to another 
body of water or burrow into the mud and remain dormant through the 

"^'AroLTmight expect, fish farmers take no particular pains to care for 
a species that may walk away Although climbing perch are of mmor 
importance in fresh and brackish water fish culture Cainbod.a Viet 
nam, and the Philippines, particularly m areas where low 
are a problem, nowhere are they bred by culturists 
which proceeds as described for the kissing gourami, requires 
of 25 to 29»C and is reportedly confined to the rainy season, although 
several spawnings are said to occur each year in ey on 

USE OF ANABANTIDS IN FOOD PRODUCTION 

MONOCULTURE , , , . 

As mentioned, the chief uses of labyrinth fishes 

some monoculture occurs, particularly in stagmn manured ponds 

has resulted in average annual ve^^low growing Lh, often 

250 to 350 kg/ha m Je sirrUius it yields only about 

requiring 2 to 3 years to reach partially compensated by 

200 kg/(ha)(year) The low Y'^ ’ stocked alone in cages 

: sv .. i..,. 

data are not available ,n 

Recently, higher monoculture of Sepat Siam 

Smudprakarn province, Thailand, ^ ^ ^ ^ 

Fields are prepared by Sepat Siam breeders are 

the dikes and manuring the grasr Breeders and young 

stocked at S75/ha and fed P'^f COO to 1000 kg/ha 
are hariested 9 to 10 months later, with ymms oi 

■■OLVCULTURE on a knowledge of .he foods of 

Polyculture musl, of coune, be ba ^l.mb.ng perch is the only 

fish Among the cultured anabanmis, the cum g I 
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be carried out m conjunction with spawning of Mata Nferah (Barbas 

orphotdes) (see p 104) . 

Rice field propagation o£ kissing gouramis is done shortly 
,s harvested, in fields where the dikes have been reinforced so that ne 
water can be maintained at a depth of 30 cm The procedures folloiieo 
are basically the same as for pond spawning, but paddy straw nee 
be added, since it is present naturally 


FRY REARING 

The eggs hatch in about 2 days and the larsae float on the 
3 to 4 days, after which they move into deep water Starting 7 to 
after hatching, the pond is manured with decaying plants, animal ^ 

or a mixture thereof Green manures are applied at about 0 to 
kg/ha, animal manures at half this rate Half of the total ^ 

applied on the eighth day after the eggs hatcli, the remainder is a e > 

5 to 10 kg lots every 2 to 3 days The cultunsi must be careful not o 
overfertihze and pollute the pond If this is inadvertently done, paf 
the water must be drained off and replaced immediately 
should be bright green and the fry move vigorously at all times, 
water and sluggish fry are danger signals Some culiurists stock fry of co 
mon carp or nilem after the kissing gouramis have hatched as an a 
tional barometer of water quality, the pond then doubles as a 
rearing pond Abnormal mortalities of cypnnid fry indicate that par i^^ 
replacement of the water is imperative Usual stocking rates are 5 to 
2 week-old common carp or 15 to 50 5-day-old nilem/m* 

Month-old fry are harvested, by draining, for sale or stocking to gr 
for market ^Vhere common carp or nilem fry are present, a s^J 
technique is employed to separate them from the kissing gouramis * 
the pond partially drained, a ditch about 50 cm wide and 10 cm cep i^ 
dug from the inlet to a 4 m* sump near the outlet ^Vhen draina^ 
resumed all the fry are collected in the sump Then a second sump i* ^ 
in the center of the pond, and a small amount of water let m The 
or nilem fry swim upstream and congregate in the second sump, whi e 
kissing gouramis stay in the original sump The few carp or nde® ^ 
which remain with the kissing gouramis will come to the surface when 
water is stirred and may then be skimmed off i i to 

Spawned-out breeders are stocked in large ponds at 1 to 4 fish/m 
recuperate If the population density is relatively low, fertilization 
animal manure may be all that is necessary to provide food for 
convalescent fish but if it is high, an amount of nee bran equivalent 
1 kg for each 24 fish should be given twice daily 
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view, they are all valued as source ° ...p ,p„, 

somewhat higher quality “ culturctl in Europe and North 
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America, both for sale and for stocKirg t gn 
fisheries. 
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. tn efforts of cultunsts to 

The piUs yielded sooner than the per I 

artificially propagate and rear them, and thus hase g 
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habitual carnivore, deriving about 70% of i‘^"™"^''ment from animal 
matter, mostly invertebrates. It is somewhat of an “PP"™""'’ 
and in captivity has been observed to accept a wtde variety 0”°^; f™” 
lettuce and rice to white ants and dead fish. The gouramt 
nature on floaung plants and overhanging leaves of terrestrial p 
In culture, it is fed chiefly on soft leaves of aquatic and terrestrial plan , 
with occasional helpings of animal food. The Sepat Siam and 
gourami feed on both phytoplankton and rooplankton, as well as 
algae and higher plants; supplemental feeds are exclusively vegeta . 
consisting chiefly of aquatic plants. The kissing gourami is by 
surface and midwaier plankton feeder, but iWll accept such artificia 
as rice bran and starch of cassava roots. ^ 

Anabantids are most often stocked as minor components of polycultur^ 
systems based on Chinese carps in southeast Asia (see Chapter ) or 
Indian carps in India, Pakistan, and Ceylon (see Chapter 4). In Ma aysia 
and Thailand, kissing gouramis, Sepat Siam, and three-spot gout^is are 
also stocked together with fresh water shrimp (see Chapter 32). The on y 
important polyculture system based largely on an anabantid fish is app 
in Malaysia and Singapore, where a combination of Sepat Siam, conmao 
carp. Java tilapia {Tilapia mossambica), and lampai (Barbus schwanen 
feW/i) or tawes is an alternative to the usual Chinese carp comple^ ^ 
Experimental polyculiure involving labjTinth fishes is proceeding 
a number of Asian nations. For instance the College of Fisheries, Kaset 
sart University, Thailand, has obtained good preliminary results wth 
and 2:1 ratios of Java tilapia and Sepat Siam. Such experiments ma) 
eventually result in expansion of the role of the labyrinth fishes in Asian 
aquaculture. 
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The larger members o£ the pike fam y ( elongate, largely 

(Percidae), though not From an economic point of 

piscivorous fishes of holarctic distri „[ 

view, they are all valued as somces „„„ ^ sport. 

somewhat higher quality ,s cultured in Europe and North 

Representatives of both families are tl ^ commercial 

America, both for sale and for stocking to * gm p 
fisheries. 


PIKES 


SI ECIES CULTURED , eilhurists ,a 

The pikes yielded sooner than the perches to the offotn 
artificially propagate and rear them, and thus have a Io"S 
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hab.lual carnivore, derrv.ng about 70% of .» nounvbmen, fr'’'" 
matter, movtly .nvertebnter It tv vomevrltat of an “PI”"""' 
and in ciptivity has been observed to accept a wide vinciy of food. 
?elce and ne'e to vvln.e antv and dead f.vb The gonram. brpv«J 
nature on noat.ng pHntv and overlnng.ng leaves ' P 

in culture, .t ts led clucOy on soft leaves of aquat.c and P'’" 

with occasional lielpings of animal food The Sepat Siam 
gourami feed on both phytoplankton and zooplankton as Vvcll > 

algae and higher plants, supplemental feeds arc S ’ 

consisting chiefly of aquatic plants The kissing goiinimi is by 
surface and midwater plankton feeder, but vill accept such arlirici 


as nee bran and starch of cassava roots 

Anabantids ire most often stockcti as minor components of 
systems based on Chinese carps in southcist Asia (sec Chapt^ ) 
Indian carps m India, Pakistan, and Ceylon (see Chapter A) in a > 
and Thailand, kissing goiiramis, Sepat Siam, and three spot goummis 
also stocked together VMth fresh water shrimp (see Chapter 52) ^ ^ j 

important polyaiUurc system based largely on an anabantid fish is 
m Malaysia and Singapore, where a combination of Sepal Siam, com 
carp Java iilapia (Tilapta mossambtea), and lampai {Dnrbus sehvo^ 
feldti) or laucs is an alternative to tlic usual Chinese carp comply 
Experimental polyculiurc involving labyTinih fishes is proceeding^^ 
a number of Asian nations For instance the College of Fisheries, a 
sart University, Thailand, has obtained good preliminary results wit 
and 2 1 ratios of Java lilapia and Sepal Siam Such 
eventually result in expansion of the role of the labyrinth fishes m 
aquaculture 
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It 15 at this stage that the cultunsts problems begin ^oung pike me 
carnivorous and voraaous from the start, and an abundance of food mu 
be available to them at all times For the first few days, * 

satisfactory, but once the fry reach a length of 4 to 5 
be constantly supplied Even with a great abundance of food, 

IS so prevalent as to be the chief economic limiting factor >" P'^ " 

Under good conditions, the survivorship of fry stocked in P ^ 
the rather conservative rate of 2000 to 2500/ha may be expected to 
amount to only 2 to 5% by fall 


STOCKING NORTHERN PIKE IN POLYCULTURE 

As indicated, when pike are stocked by cultunsts it is 

m a polyculture system This function is especia y ‘ ^ ^ 

coimtLs as France and Yugoslavia, where lultmed 

roach (RuHlus rutilus) and the tencli (Tinea tinea) are 

in ponds where common carp {Cyprtnus carpio) are i 

mg rates and yields representative of French practices are given 

Table 1 


TAULE 1 STOCKING RATE OF NORTHERN PIKE AND CYPRIMO FISHES IN PO. V 


CULTURE PONDS IN 

FRj^NCE 



SPECIES 

WEIGHT AT 
STOCKING (G) 

STOCKING RATE 
PER HECTARE 

YIELD (KC/HA) 

Common carp 

150-240 

250 

200 

15 

55 

Roadi and/or tench 

100 

10 

Northern pike 

Toiil 

100 

125 


The roach and tench may be eliminated, kut e'en 
pike seldom exceed 10% of the total fish ^ ^ ^veight of 800 g 

ponds IS generally good, in the Ukraine they y 

at the end of the first summer heiUE repheed as a 

In most European countries, the pike is loVop-'S'^tc and 

l>oml predilor by other fish 'vliicli ces Among these 

mir to fingcrling size and, in some ^ „ (Micrapleriis jal 

•■■re die shealfish (S.fiirir glams). common p.kc ihucI. 

'"otilri), ilie ratnbou Irout (Salma gaii ) , ,„o|xnn 

or zander \I.iictajirren liieioperea) i ■ ^ Pcd. hut it ■» not large 

perch (Perea llitviatilis). Ins on occasion been sloe 
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culture By far the most commonly cultured pike is the northern pike 
(Esox lucius). which may reach weights of more than 20 kg m nature 
Although, as mentioned the Esocidae and Percidae are holarctic, the 
northern pike is the only holarctic species m either family, ranging as 
far south as Iran in the Eastern hemisphere, and Missouri in the Western 
hemisphere In North America it is cultivated almost exclusively as a 
game fish but in Europe pike have long been stocked in carp ponds to 
control excess reproduction 

An even larger pike, the muskellunge (Esox masqutnotigf), which as 
a rather limited distribution in the eastern United States and Cana a, 
IS cultured as a sport fish but is unsuited to pond life and will proba y 
never be important as a food fish . 

Another American pike, the chain pickerel (Esox niger). though o 
considerable importance to anglers is not presently cultured However, 
as It is by nature a pond dueller and attains relatively small sizes (maxi 
mum 5 kg average taken by anglers less than 1 kg), it should be 
ered by American fish culturists for a role similar to that played by t e 
northern pike in Europe 

Yet another pike, the Amur pike (Esox retehertt) is presently being 
considered for use as a predator in fish ponds in China E retcherlt^ 
presently confined to the Amur River basin and Sakhalin Island, u 
in 1968 It was imported by the United States Bureau of Sport Fisheries 
and Wildlife from the Soviet Union for purposes of breeding Its ha its 
are little known but it is difficult to see what niche it could occupy, t*' 
nature or culture that is not already satisfactorily filled by one of t e 
three large American species of £jox 

ARTIFICIAL PROPAGATION AND REARING OF NORTHERN PIKE 

An ancient European method of pike culture involves the artificial flood 
mg of alpine meadows m the spring Pike enter and spawn natural y, 
after which the meadows are left flooded until the young reach fingerht’8 
stage Then they are captured and used for stocking Modern techniqu^ 
of propagation of the northern pike have been largely standardized an 
vary little from place to place Essentially the same methods are used uii 
muskellunge and presumably they could be adapted to other P' 
Brood stock are collected, usually from the wild, in the spring " 
water temperatures reach about lO^C Eggs and sperm may be 
without application of hormones and they may be fertilized using the H 
method (see p ^OO) Without exception the jar method (discusse 
Chapter 3) is used in hatching, this requires about 2 weeks As 
the fry are washed out of the jars they are collected and stocked m pon 
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Some culturists in East Germany and Yugoslavia are able “ 
fingerlings at a profit through natural spawmng in . 

1 or 2 male pike-perch/ha are stocked in the spring and left unten _ 
In some instances pituitary injection may be resorted o P_ 
for details of this technique), in which case smaller 
basins may be used. Both sexes are injected, and spawning follows in 

1 to 3 days after stocking in the basins. ,„„cr,nrtpd 

Pike-perch eggs in nests may be covered with a wet clo* P"‘" 

overland for several hours, if necessary. When packed in crates with wet 
moss and ice. the travel time may be extended to several days. 

The old method of hatching involves suspension of die nests in pond 
at a depth of 0.5 m with the covered egg surface faang 
may be so suspended directly into ponds containing one- and 
old carp, in Uich case they should be covered with a 

shield to prevent predation. The number “ fral^fecunditv 

reportedly%aries Lm 20,000 to 200.000, although 

ranges from 200,000 to 1 million. Enough nests should be stocked 

there are 1000 to 2000 eggs/ha. Wovnarovicli 

Better hatching rates may be obtained y .vnosed to a 

method in which the nests are placed in 

continuous foglike spray of water at 1 to 4 atm. ro hatcli in 

he placed in eadi cubic meter of sprayed space: at 10» the eggs hatcl, in 

"wXye spawners used in culture are usually captured an^ stripped 
during their spawning migrations: pituitary injection ' . ^ 

used. The jar Lthod of hatching is employed and requires 7 to 8 days at 

17 to 20®C, or 14 days at 10'’C. 


FRY REARING 

Pike-perch may be stocked in carp ponds at the egg ®°me 

.,.. 1 ,, 

« uXCliinil coalition, liOKOtlioE, 

an abundance of zooplankton. Under p 

reach 12 to 25 cm in 'cnph „„„ and smaller 

first summer. Culiunsis in West Germany 

(G to 10 cm) fingerlings. f„,i,i„tion for rearing pike-perej. fry 

European tcdiniqties of pond fertil ; ,.n ,5 conducted witlt 

and ringerlings are far from perfeced. a.^ S^fservadon at IVaterville. 
^'■allc>c by tlie Minnesota Department of 
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enough to !>c a reallj etfecl.te prctlator thus deap.te .« excellent quality 
as a food fisli its future in aquaculture is doubtful 


PIKE PERCH AND WAI I EYE 


artificial I ROI \GAT10S 

Piketicrch and the \ci^ similar uallc>c (Stizostedion vitTeum) of 
America base been artifiaall) propagated since the late 
century but spanning and rearing s^crc incflicient processes un i 
1960s when methods espcaally suited to these species were de\e opw 
Today pike perch fry and ftngerhngs arc readily asadablc m ma^^ 
European countries and fish farmers arc stocking them increasing ) 
place of northern pike In addition to licing better food fish pi c 
are somewhat preferable to pike by siriue of liasing a smaller ^ ^ 
thus enabling the ailturist to plant them earlier in the season or a^^ 
larger sue without danger to Ins mam crop On the other han p* 
perch are less tolerant of liigh temperatures thin are northern p* 
They are also reputed to lie scry intolerant of turbidity but fish a 
mg experience in Hungary long ago indicated otherwise . 

Advances in the culture of the pike perch in Europe base P*. ^ 
leled by improsements in ssaillcye culture in North America Wa 
are not used in pond culture but are stocked in lakes and 
augment sport and in a few waters commcraal fisbenes Pike per 
similarly stocked in East Germany France and ibc Sosiet Union 
SpawTiing of pike perch in captisity usually entails the use of arti 
nests As originally deselopcd in Hungary these nests are made of wt 
or alder roots collected during ssinter and tied in thin layers onto 
50-cm X 50-cm frame The frame is weighted to sink it and 
tied to the four corners so that the nest may be remosed from the wa 
in a lesel position In recent years synthetic materials base begun 
supplant the svillow and alder roots In recent experiments m Cre 
sakia the best substrate for spawning was found to be nylon shean 


witli a diameter of 0 2 mm 

Pike perch spawning basins arc usually 300 to 1000 m® m surface 
and to 1 8 m deep In the spring the basins whicli base 
been supplied with one nest for each pair of spawners are slocked 
rate of 1 pair/2 to 5 m'* Breeders are normally 3 years old or 
Stocking IS not usually done until the svaier temperature has rea 
8 to 9’C and a considerable drop is unlikely 

Botli lesser and greater amounts of manipulation may be came 
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for two summer olds Thereafter, management is negligible until harvest 

There is no difficulty in harvesting pike-perch separately from carps and 
other fishes in drainable ponds They are very sensitive to currents and 
will attempt to escape the pond prior to other species Three-summer old 
specimens, 37 to 55 cm long, weighing 500 to 1500 g, are normally re- 
tained for marketing, while smaller individuals and selected breeders are 

overwintered , , 

Pike perch which are to be overwintered must be transported and 
handled carefully in fresh, clean water They should not be store or 
carried ili the same containers as carp, since their oxygen eman s are 
much greater. Food, in the form of small fish, must be ^ c'u°^^n 

the winter so that cannibalism does not occur; 150 to 25 go s wi 
support 100 kg of pike-perch through the winter 

We do not foresee great expansion of the roles of any of the pikes or 
perches in aquaculture 
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Minnesota may have some bearmg on the subject Trad.t.onal tvalkye 
rearing methods in Minnesota involve fertilization in , 

organic materials usually barnyard manure The bacteria thus pr 
are more than suffiaent to support an abundance of cladocCTans 
are the primary food of walleye fry and small fingerlings Growth an 
survival are tlius very good in May and June The single dose o er 1 1 
IS not however adequate to maintain dense populations of the copep 
and benthic organisms required by larger fingerlings Manuring t 
the summer is not the answer as it results m dense growths of 
other aquatic vegetation Walleye culiunsts were thus faced with a c oi ^ 
between tolerating a high percentage of cannibalism and prematu 
stocking of small (10 cm) fingerlings which are believed to be signi 
cantly more susceptible to predation than 15*cm fish 


A large variety of combinations of organic and inorganic 


fertilizers 

i tested to see whether pond fertility could be sustained and finger 

lings reared through the summer without undesirable side effects or 
cannibalism Very good results were obtained with a single spnng 
cation of dried sheep manure in a quantity suffiaent to supply 
nitrogen per 1000 of water Higher rates of fertilization were effectiv 
but also resulted m an overabundance of phosphorus Manunng was n 

repeated but starting m mid June weekly applications of brewers ye 
at 112 kg/ha were made This treatment supported large populations o 
copepods and benthic animals through late summer The Micniga 
Department of Oanservation is currently attempting to rear walleye try 
sewage ponds which may offer a similar environment ^ 

The methods developed m Minnesota would of course have to 
adapted to local conditions wherever they were applied Further problenu 
would be presented by the excessive amounts of phosphorus released an 
the high cost of brewer s yeast. The latter problem might be arcumvente 
if It were known which constituents of brewer s yeast are effective 
Minnesota biologists have also been experimenting with alternative 
means of feeding walleye fry Attempts to confine fry in tanks and punip 
through water containing large amounts of zooplankton resulted 
feeding whatsoever Attempts to induce walleye fry to accept artinaa^ 
feed were similarly unsuccessful until 1968 when hatchery workers 
New London Minnesota were able to induce feeding on conamera 
trout pellets by confining 5 to 10 cm fingerlings in small cnbs and starv 
mg them for 10 days 


STOCKING PIKE PERCH IN POLYCULTURE 

Pike perch may be stocked in carp ponds at greater densities 
common rates are 50 to 100/ha for one summer-old fish and 30 to / 
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. .n.b,.,u b„ .bd 

cries for liberation m streams and lakes. Ihe only mp 
Centrarchids in Bsh culture in North America is in faim P^s, ^ 
are common throughout the United States and in southwestern Ontari , 

“purposes of the farm pond program, which f-hed of 

popularity in the 1950s, are to conserve water and provide 

Ld and recreation for residents of rural areas by 

to build small ponds on their property and stock them with fish obtained 
free of charge from state or federal government agenaes. 

STOCKING RATES IN FARM PONDS 

The traditional farm pond stocking scheme involves “"'y 

By far the most commonly stocked species are the largemomh bMS (M. 

cropterus salmoides) and the bluegiU {Lepomts 2200/ha feed 

which are normally stocked at rates varying from 220 .o 2200 ^ 
chiefiy on invertebrates, but they may also der^e 
algae.'^Largemouth bass are higher on B- 

on other animals, usually larger ones th cotunv and control 

are stocked at 100 to 200/ha, as ^ , 

thebluegill population. In ^^ j ^'/Junfish Tl-efomfr micro/o- 
of locales have begun to recommend the r sunolement or 

.b,.b b..T^ '7 

Lr of other fish species have been experimentally or accidentally 
in fann ponds, usually with poor results. 

management and yields 

After construction, stocking, and perhaps an iniDal dose of te 

agement of American farm [mnds is ponds are in- 

deadcd to poison and restock a pond. p become poor fish 

adequately fished and othenrise "'E “ ' . g^bed. recreation, not food 
producers. Even in ponds svlncli are p P V sparingly treated 

production, is usually United States, where blue- 

in this volume. (In some ponds in the ^ jidren, food and recreation 
gdl are intensively fished by Readers seeking more detaileil 

are of approximately equal '1 j sources, such as state con- 

information should consult or contac . extension services, 

serration departments and unisenity agricultural 
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Black Bass and Sunfishcs (Family 
Centrarchidae) in Fish 
Culture 


The farm pond pto^am 

Sloehng talei m farm pondi 
Management and yreldt 
Cren-th of fith 

The largemouth ^all and erapplei In 
eommerciat fnh cu/furr 


IViiiM/.ftri of tuUute of 

Monoiex futlure 
CulluTf in pooling tagrt 

Hrferenrti 


THE EAim VOND PKOCllAM 

The black basses anti sunfishcs (famil) Ccntrarcliulac), intliRcnous 
America, arc of \iriinlly no value in commercial fisheries but 
tremcly popular ssiih s|>orl fishermen, so much so that in .j. 

their sale as footl is forbidden Since most Ccntrarchids base 
liigh reproductisc jsotcntials and in fact tend to oscrpopulaic smal 
of water, sj>ort fisheries arc sustained mainly on the basis of na 
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TABIX 1 AVERAGE GROIVTH OF LARGEMOUTH BASS. BLUEGILL. AND REDEAR 
SUNFISH IN FARM PONDS IN ILLINOIS 


SPECIES 

Largemouth bass 


AGE 

(years) 


length 

(CM) 


WEIGHT 

(KG) 


Bluegill 


Redear sunfish 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2 

3 

4 

5 

6 

2 

5 

4 

5 

6 
7 


16 0 

22 9 

01 

02 

29 5 

03 

34 3 

05 

401 

09 

442 

I 1 

48 0 

1 4 

50 3 

1 8 

51 6 

22 

52 6 

25 

81 

001 

11 7 

004 

145 

0 07 

168 

0 09 

188 

014 

21 3 

0 21 

132 

0 06 

165 

on 

180 

0 13 

19 8 

019 

25 4 

028 

25 6 

0 29 

24 1 

0 30 


largemouth bass fingerhngs per hectare “ ^ j ,l,e almost 

deselopment o£ better methods catfish, culture 

total replacement of the ,, some marginal opera 

of largemouth bass beerme less impor » 

tors may still stock them in catfish ponds , channel 

Largemouth bass and crapp.es intensity form of 

catfish and bigmouth bulfalo. m par rhanier G) This practice, 

nilture practiced in natural '’““K « ( ^^^,,^1 cultured food 

however, accounts for only a, imy i»cree g 

fish production of the south ccntril introduced outside North 

The only cenirarcliid svliich m,icli more common in com 

America is the largemouth bass lou y n lias also been 

mcrcial fish culture in Europe than i cviierimental culture 

stocked in Latin America and Afnca and in UUa e j 

''■as iniinted m Tunisn- 
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The last decade has seen the formation in the United States and Cana a 
of a considerable number of communes, expcnmental communities, an 
other groups sshich attempt to be more or less self siifficient m terms o 
food production The great majonty of these groups base not attempts 

fish culture but sshere it has been considered, pol>culture of Centrarc i s 

has been the method proposed, if only because stock is asailablc free o 
charge It is thus possible that the next decade may sec the first 
to manage largemouth bassblucgill aimmunitics or the like as a 
resource. Perhaps if this occurs there uill be some )ield data as'aila e 
for this crude sort of polyculturc It has been estimated that aseragc an 
nual production of fish in North American farm ponds is 250 to 
kg/ha but It IS not knotsn how these figures arc related to the weight o 
food fish which could be harscsted on a sustained basts A few commCT 
cial fish hatcheries particularly in Arkansas, raise edible size ccntrarchi 
including largemouth bass bluegtll white crappie (Pomoxis annularu) 
and black crappic (Pomoxis ntgromaculaius) for sale to operators of fee 
fishing ponds they are able to produce only 44 kg/ha of these fish 


GRO^VTH OF FISH 

Growth data for centnirchids are much more readily as’ailable than data 
on production and yield in faa there is an oserabundance of such in 
formation in the sport fishery literature. Table 1 shovrt the ascra^ 
growth rate for the three pnnapal farm pond species m Illinois. Growth 
IS affecled not only b) pond management but by the length of the growing 
season hence one could generally expect grosvth to be more rapid soul 
of Illinois and slower to the norili 


THE LARGEMOUTH BASS AND CRAPPJES 
IN COMMERCIAL FISH CULTURE 

The centrarchids ha\e not been totally neglected by practical and expert 
mental fish cultunsis m the United Stales, but the results achieved base 
thus far been unspectacular In the 1950s when fish culture was just 
beginning to become a significant industry m the south central states 
seseral centrarchids wrere considered for commercial culture. On the b^is 
of expenmenis conducted at Auburn University, the bluegill and the fher 
(Centrarchus macropienu) were rejected as unsuited for culture, but su 
terest was retained m the crappies and the largemouth bass 

During the period when bigmouth bullalo (Icltobus cyprinellus) 
the fish most commonly farmed, it was general practice to stock about 
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would be even more difficult except during the breeding season, when 
males of most species display brilliant coloration. Fortunately for t.lap.a 
culturists, certain hybrids produce all or nearly all male offspring. Not 
so much attention has been paid to hybridization of Lepom,s spp^ never- 
theless, many of the possible hybrids of the edible size species have al- 
ready been produced. Of the twelve crosses made thus far, only one, 9 
redear sunfish X « green sunfish {Lepomis cyandlus). has produced 
young with a near-normal sex ratio. The following crosses have produced 
generations highly shewed toward males. 


s green sunhsh X 9 pumpkinseed (Le^omij gibbosus) 
9 green sunfish X i pumpkinseed (icpomisgibboiiH) 

5 green sunfish X 9 bluegill 
5 green sunfish X $ bluegill 


a green sunfish X 9 
5 green sunfish X 


S longear sunfish (Lepomis megalotns) 

$ redear sunfish 
9 redear sunfish 
$ redear sunfish 
9 pumphinseed 
$ pumphinseed 

Many of these hybrids are of low fertility, if not sterile, 'h™ 

esen more suitable for intensive pond culture. It is possi 
bluegills, without othenvise harming them, by means o 
radiation, and this technique may also find application in p 
culture. 


9 green sunfish X 
S bluegill X 

9 bluegill X 

$ bluegill X 

9 bluegill X 


CULTURE IN FLOATING CAGES 

Culture in floating cages docs not prevent tilapia ilic 

since the eggs drop through the bottom of the cage, i ocs p 
full from 1 !?rcisin‘^ the parental care — ”1 df as m 
•ion. Parental care is as Accessary for eggs and fry of 
tilapia, but to our knowledge cage culture 

attempted. In the spring of 1970. the editors of Farm on . I 

tine announced their intention to attempt intemise “ 8 :^ “Itiire, with 
supplemental feeding, of bluegills. Results arc not )Ct a\ai ‘ * ,r i 

Although the small-scale use of crappies and '=7™° 
culture in the United States and the stocking of t ic ‘ 
predator in Euro|>can ixiliculturc [londs are „ 

nl commercial cr.lture of centrarebids as footl fish, the 
lamily. partiailarly Upomis spp . present possibilities ssliicli )ct 
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In Europe, largemouth bass occupy the niche traditionally 
to the northern pike (£jox luctus), as a piscivore to control trash 
excess young of other cultured speacs It is a hardy fish, and gen y 
■well suited for the purpose, but it possesses one serious disadvanta^ o 
pond culture it can successfully spawn in most ponds and may pr 
an abundance of young so that it may actually contribute to the pro e 
It was intended to alleviate This situation is further complicated y 
fact that It prefers soft rayed fishes to its own spiny Finned young 
Nevertheless, it is widely stocked, particularly in France and the 
Union 


POSSIBILITIES OF CULTURE OT SUNTISH 
AS FOOD FISH 

Although largemouth bass spawn readily, their reproduction is 
to control Anyone can spawn them by simply plaang pairs in pon 
the fall and letting nature take its course m the spring but to 
cultunsis are totally dependent on natural spawning and cannot 
fertile eggs on demand The normal way of achieving this result S'OU ^ 
be through treatment with pituitary hormones, but largemouth bass an 
most other cenirarchids do not respond well to this technique 
has, however, been successfully induced m white crappie and rock 
(Amblopltles rupeslris) at the Southeastern Fish Cultural 
Manon Alabama, and it is expected that the methods developed t 
could eventually be adapted to largemouth bass . ^ 

Those American fish cultunsts who are still interested in centrar 
presently concern themselves less -with such largely pisavorous fis ® ^ 
the black basses and crappies and more with Lepomis spp . most of w 
feed mainly on invertebrates Not only are such fish more readily 
to take artifiaal feeds (although there are more than a fc"^ 
crappies eating catfish pellets) they arc the finest food fishes among 
Centrarchidae The principal obstacle to their commercial culture m ^ 
past has been their high rate of reproduction, which often leads to stun 
ing Similar problems have been encountered by growers of Ttlapi(^ 
and they have found at least two ways to cope with them monos 
culture and cage culture 

MONOSEX CULTURE 

Monosex culture, as the name implies involves growing of only 
To visually sort tilapia by sex is not easy, to do so with centrar 
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Miscellaneous Asian Pond Fishes 


Snafcehearff or murreU 


Loaches 


Sleeper gobies 


References 


snakeheads or murrels 

In no other part of the world are so many varieties of "'h 
Asia. Most oFthe cultnred Asian speeies have 
cliapters, but member of the families Chanmdae 
Elcotridae (sleeper gobies), and Cobitidae 

“"T.rs“eadronly Asian species of which am ■»scussed^.^e (see 

Chapter 12 for information on snabcheads in rican i j. 

'oracious and, except for the young, usually 

•his reason, they arc considered undesirable in many o 

-nd are somelimes the objects of eradication 

l>and, they are excellent food fish and are thus often selectetl for stocking 
"here a prctlatory ftsh is necdctl in pol>cuUurc .. ihonch 

SnaVclieads possess an accessory breathing / Vn-ibaiitidnc) 

-t as highly SFseloped as, that of ^oi d:::M::^i 

they are thus able to svillistantl ^c^y lot 
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MISCELLANEOUS ASIAN POND FISHES 243 

the dojo {Misgurnus anguillicaudatus) are stocked in rice fields, are they 
cultured. 

REFERENCES 
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oxygen Not only are their oxygen requirements low, but smkeheads arc 
extremely hardy with respect to all other environmental 

The most widely distributed of the smkeheads is Ophicephalus st < 
which IS native from India to China, Indonesia, and the ^ , 

reaches a maximum length of more than 90 cm In addition to being usen 
m polyculture over most of its range, O strtalus is grown in floating g 
in Cambodia as is Ophicephalus micropcUis Next to catfislies o 
genus Pangastus, snakeheads are the most important fishes for t us p 
pose (See Chapter 7 for a full description of cage culture ) , 

A larger speaes, Ophicephalus marultus (maximum lengt i \ jg 
and a smaller one, Ophicephalus punctatus (maximum length 30 cm), ar^ 
cultured in India and Pakistan not only m ponds and rice fields ut a 
in irrigation wells, where few other fishes will survive Some In lan i ^ 
vestigaiors are of the opinion that O punclalus is primarily 

The northern representative of the Ophicephalidae is Ophicep fl ^ 
argus, which ranges well into Manchuria The extent of utihiation^o^ 
this species in Chinese fish culture is not known, but it is known 
It has been artifiaally spawned by means of pituitary injection at 
Tsingpu Experimental Freshwater Fish Farm of the Shanghai City ^ 
enes Bureau This is a rather unusual practice, as most fish farmers i^^ 
southeast Asia stock snakeheads in very small quantities, and find natur 
reproduction quite adequate to supply their needs 


SLEEPER GOBIES 

The sleeper gobies are fully as voraaous as the snakeheads, but most o 
them induding the cultured speaes feed at a lower trophic level consu 
mg mainly invertebrates The only sleeper goby currently stocked by p 
cal fish cultunsts is the sand goby {Oxyeleotns marmoratus), which attai ^ 
weights of about 900 g in 1 year when reared in ponds in Malaysia 
pore, Cambodia, and Vietnam It is also used in cage culture in 
bodia O maTmoratus spawns in ponds without any attention on t e p 
of the cultunst 


The loaches distributed throughout Europe and Asia, ^ ^j^gn 
Morocco and Ethiopia are a fairly large family of mostly sraa o 
eel like, benthic carnivores Only a few of the loaches are large 
be valuable as human food and only in Japan, where CobtUs spp 


well as m 
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portedly contains more speaes o£ fish than any o*er body o£ freshwater 
m the world However, proportionately few African fish have been 
cultured, even expenmen.ally There is, in fact no na ive ^ 

aquaculture in Africa south of the Sahara Such ^"7 
exists was largely initiated hy Europeans who, f” 77™r,ed 

familiarity, hLe'concentrated on exotic speaes plus *<; 
members of the genus Tilufm (family Cichhdae) ^han 

discussion of T.lapia culture) A t- °£ -be ^ « bes oth^^^^ 
Ttlapia spp have been cultured, in some cases wi g 

these are the subjects of this chapter osrx/a/'rtnnmir fac 

The African fi'sh farmer is confronted with a 
tors which are unique and rather limiting n i j , obtain 

Africans have no tradition of “^ubu« bm «c^ energetically 

mg wild fish with hooks or nets Thus a x.„y,,tc. Vipfore he can 

care for a vegetable garden must acquire a new set of h*.ts before he^ 
be effective as a fish culturist As a consequence, fish cul ur P 
Africa have a history of enthusiastic beginnings an “ ^ occurs A 

except m countries where considerable governmen p stunting, 

consequence of inadequate in similar situations in Asia. 

which IS a more serious matter in Africa t lowe fish Africans, in 

since Africans, unlike Asians, have a strong bias 

general, are also unlike ‘‘’Xzauon" Hnally, the African fish 

w p-"-' 

of the continent 


POTENTIALLY USEFUL NATIVE SPECIES 

The prospective fish culturist in Africa ’'^;!:t„s’!''rd‘’pm 

factors and more, but we shall “"“"‘''“'J;.™ h'ase thuffar been studied 
tential of those African d.str.bution, and status 

bynshcultiirists Table I s«mmanz« tfm eco^CT-^^^^j 

of propigation of the species which 1 

sidered for use , ^ablc 1 Fisli culture 

Tfierc IS a preponderance of Ti/ohie spp . I'bicli Iiaae a pro- 

in Africa is largely based on the pr f produce stunted poptila 

nouncetl tendency to ^ ,s,tli this profilem is to slock 

lions Among tlie possible means ^ tlnn out tfie young tilapia. 

predatory fisti of suitable size to dim , j yv|„ic the attention of 

thus piscivorous fislics arc being circ > tilanta nrcvlator slocking 

Afritin fish culliirists is still chieny focused on t.lapia preslat 
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HISTORY AND STATUS OF FISH CULTURE IN AFRICA 


The AKcan freshwater fish fauna is \ery large and diverse, reaching an 
apex of complexity m the Stanley Pool of the Congo Riser, whi 

244 





246 


rid from Stncpl to pute ne!t> at start of lalny 

Niger, tailturctl aper- 'SP ''“""B 

Imemally In Nigeria guarded by parents 
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other types of polyculture are beginning to develop Of particular interest 
in Afnran pond polyculture is the extremely adaptable Heterotis mloU 
cm, which can apparently occupy any of a number of ecological niches 
In regions where tilapia grow poorly, as in the western Congo culture 
systems based on native fishes with habits similar to t lose o ti apia 
beginning to be developed 

ECONOMIC BASIS OF AFRICAN FISH CULTURE 

Fish culture in Afnca is generally earned out ori a 

with a family or village operating a pond or pon t oug 

the early ponds were too small, with the result t at . 

either overharvested or subject to stunting of the stoc , is PP 

has made real contribuuons to the nutrition of sma groups P P 

and should be encouraged as part of a program to P™y ® ^ 

tor the people of Africa Family or village pon s govern 

the urbL African, however Therefore a number of African govern 

ments, often with the aid of FAO and/or the former 

ments, are experimenting with methods suita e or 

culture, often incorporating more sophisticated tec niq ,„i,ure 

feasible for most subsistence farmers At “he 

IS poorly developed in most African countries, but ^ ^ 

case for long A country by country survey of existing fish culture prac 

tices m Africa follows 


experimental and practical nSH CULTURE 

IN SEVERAL AFRICAN COUNTRIES 
CAMEROON 

The basic speaes for fish culture m Cameroon are, in Heterotis 

•ance. the plankton feeding T,lap,a n.loUca, the ,ch " 

niloticus, and the predatory Hemtchromis fascia «s, a ^ 

bred in ponds with little difficulty eastern put of 

sistence culture system involving all three sp 

Elsewhere, commeraal culture, using only Ttlaptn h' ^ of sub 

Ohs ndoticus, is being encoumged ijntb some numbe_^^__^^ 

~ Xu:: UlrnTtfrCU use FisbLe rotation, on .1 9 
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Tylochroi us Cultured experimentally motuh breeders 

faternfij In the Congo 
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The Bovernmem mamtams six fry production centers, where Ti/cfm 
spp and Hctnotis nilolicus try are raised for distribution to farmers 
cLmercial and subsistence farming are expanding, and average annual 
production is estimated at about 500 tg/ha 

IVORY COAST 

The Centre Technique Torestier tropical fish culture station m BouaW 
functions as a training and research cente. for all 
colonies in west Africa, including Dahomey, Togo, and Upper Vo ta 
Emphasis is on pond fertilization and culture of T,lap,a spp Hcfcr 
obs nilohcus F^tihzation mth 60 kg/ha of calcium 

50 kg/ha of ammonium sulfate doubled production in experimental 

^ The mam pioblem in culture of H nifobcm m tlie Ivo^ Coast has 
been high moLlity due to disease Proper feeding is of 
m promoting survival as well as growth, and experiment 1 av been car 
ned out with three feeds, crushed cottonseed, P ^"”' ”^1 
bran Anv of these feeds enabled young H nifobciu to reach sexual 
Any ot tnese ice fish Of the three foods, peanut oil 

matunty up to a year rapid growth than rice bran, 

cake and crushed cottonseed P™*'"™ terms ot survival, 

and peanut oil cake was y' xhe maximum yield of try 

but only rice bran was economically leasioi 
attained "with peanut oil cabe was 2500 bg/ha 

MALAGASY REPUBLIC 

Heterohs mloUcus fry are produced by the Forestry and Fish Culture 
^eierotis niioiicus uy p at the arboretum of Menagisy 

Station at I\oloina for use in stocking, r/ir/>io^ and 

tor experimental polyculture with common carp (Cyprmm carp.o) 
goldfish {Carassius auratus) 


Freshwater fish culture 

struction after that U ^ „„„ber of places notably the govern 
fish farming was carried Plateau in the nortliem part 

mentKiperated Panyam P j, „„ ,he Island of Buguma in 

of the country and an experimenta obtained at die 

the Niger Delta Encouraging preliminary r 
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monlh-3 month cycle, ts sometimes piacltcrf At least 
cultunst m Cameroon has cut doisn costs by allowing loca 
soak cassava tubers in his ponds This process, necessary to prepare cas 
sava for human consumption also provides food for the fish 

Yields attained by commercial and subsistence cultunsts in a 
are not known, but in 1969 experimental culture of Tttapm mloticam 
Helerotis ntloUcus m fi\e ponds at the Regional Fish Culture n 
Bangui produced 980 to 3225 kg/ha, depending on the amounts 
brewery waste added as food , 

The Regional Fish Culture Center is also the scene of a great deal o 
research which ma) result m the expansion, disersification, and impri^e 
ment of fish culture not only in Cameroon but in the Central Afncan e 
public, the Congo, and Gabon Among the topics under study are 


1 Combined culture of tilapia and Hemichromts fasaatus 

2 Biolog) and culture of Heterotts mloticus 

3 Possibility of culturing the local caifishes Clarias spp and C ry^ 
tchthys spp 

4 Pond fertilization vath locally available manures 

5 Preparation of feed from locally available ingredients 

6 Use of Astatoreochromis sp for bilharzia control 

7 Pond management tecliniques suitable for the region 

8 Economic aspects of fish culture 


DEMOCRATIC REPUBLIC OF THE CONGO 

Ttlapta nilottca and Heterotis mloticus are nearly unuersal in culture, 
but some subsistence cultunsts add predatory fishes such as CIotios spp * 
Ophtcephaltis spp , and Protopterus dolloi Fry of the predatory 
are captured in n>ers Heterotis mloticus fry are pnncipally purchas 
from the federal hatchery at Djoumouna, while tilapia are bred by i ^ 
cultunsts themsehes The achlids Haplochromis mellandt, Hemichromti 
fasaatus, SerranocfiTomis robustus, Serranochromts thumbergt, and Ty O' 
chromts lateralis base been expenmcnially cultured in the past but are 
not presently used to any great extenL 

In the and wraters of the western Congo, Vifhere tilapia grow poo*' Y* 
the natne fishes Citharinus congictxj and Citharinus gtbbosus are being 
cultured expenmentally 

The most commonly used method of feeding pond fish in the Congo 
js by soaking cassas-a tubers in the pond, but manioc leases and brewery 
ss'aste are also fed 

Personnel at the Djoumouna hatdiery are pursuing the same resear 
goals outlined for Cameroon. 
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TOGO 

The United States Peace Corps has been instrumental in the development 

Id implement ol hsh atuL in Togo. At the Ni Jish Culture S^atmn 

at Sokode. good results have already been expertenced wtdr 

leedinE ol Tilapia spp., stocked together with tlie piscivorous Hemt 

chroJs iasciatl on'millet, brewery waste, mill --P>"f ' ™tion 

meal, spoiled corn meal, and manioc and i^am P"f ’ 

of polyculture and supplementary feeding has resulted in 

o[ 3000 to 10 000 kg/ha with food conversion ratios • * ’ • j 

aie “eing made to ^^ilture the native ca.hshes AucPenoslan. occ.dentaks 
and Chrysichthys sp. 

UGANDA 

Subsistence fish culture, mostly of Tilapia spp.. is 
spawned at the demonstration fam d^ h 

controlling tilapia P°P“'"“°'’ “roeXun ike most African catfishes. 
found as effect ve a predator as 

U breeds freely in p ‘ ratios with Tilapia nilotica or Tilapia 

growth when stocked at different ratios win y 

zHlli. 


ZAMBIA 

Pure commercial culture of Tilapia spp. is P”p“^ “ “ 'orThTee 
but subsistence macrochir. Tilapia mel- 

species from among Tilapia ^ together with Haplo- 

anopleura. and Tihpia "“’p’” j ^ ,1 o/mollusks. is stocked 

Ts. o. 

mediate host may be =>"y °"= ^ biological control against 

in Zam^a. and pelmatochromh robustm are less 

snails. Haplochromis carlottae ana r'ctmuiuo 

commonly stocked for this purpose. polyculture of Tilapia 

Procedures recommended by FAU moiob ^ f'u„„,. 

spp. and Haplochromis mellandi in Zambia are as follows. 

1. Drain the pond and treat the bottom with 1500 kg/ha of agriad. 
tural lime, then fill ivith water. 
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Bugun.a tann w..h bra^-sh .a.er «sh. 

Sr.opleura, common carp. n 'tarh w“f pond7 .n'olve 

mgrodtg^talus Recent experiments m braA.^ po 

stocking ol C ntgrodigttalus in ponds which try P 

rgrUr^aTcf fhr^^a^yam farm .as .0 ra.se T,.p,o s^^bur 
results .ere poor and. starting m 1954. emphasis was plare 
carp, tmported from Europe T.lapta prosed ‘“J^Ler 

and since they peyed on carp eggs and larvae and 
lings [or food they came to be regarded as pests Expenme 
o£ nati\e predatory fishes was therefore initiated „m«liate 

The indigenous fish fauna of the small streams in the i 
vianity of the Panyam Fish Farm is depauperate, consisting 
cypnnid speaes too small for culture as food fish The jq 

Gymnarcftuj mloticxis and Lates ntloUcus (Nile perch), both en 
other parts of Nigena, were therefore introduced The 
cntly appears the more suitable for use in pond culture 
nifobcur functions well as a predator and reaches marketable sire r p 
but It has yet to be bred m captivity and collection of fry from 
prosen uneconomic Nile perch seem ideal on almost all counts 
only apparent limitation on their use is their low tolerance for eox^^ 
ated or turbid water An adequate stock can be maintained by st P ^ 
placing one male and two females in a small breeding pond an pen 
call) harsesting the 15 to 30^ fingerlings from the senes of ^ 

which ensues A population of two to four Nile perch per hect 
adequate to control tilapia in carp ponds Care must be taken t 
Nile perch are smaller than the carp fingerlings, as they appear 
carp to tilapia. In ponds with large numbers of tilapia, Nile pure r 
weights of 0 5 to 0 6 kg in 6 months fishes 

Expenments were also conducted with nonpisasorous natise 
Best results were obtained with HeleroUs nWoticur Cttharinus ^ 
grew well, reaching 0 5 kg in a year, but as yet cannot be bred 
tiMty Barbus ocadenlAis bred readily in ponds but proved to 
delicate to handle that intentional culture was discontinued, t o 
small populations persisted m the carp ponds 


RWANDA 

Common carp, Tilapia spp , and Cfanui spp have been 
grown together at the government station at Butare There is at pr 
little if any commeraal fish culture in Rwanda, but indications are 
there is a ready market for cultured fish 
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countries have been omitted because no mfoimation was available or 

because fish culture, of any sort, has barely been started 


PROSPECTUS 

Most of the fishes discussed are lowland, warm ^ 

could make an important contribution 

as well as the tropical lowlanfe ,,^5 been done in 

fishing in South Africa ^6 • J be suitable for 

other spec, native to the high 

lands, that would reward the spp?lst of the African 

As mentioned, ivith ‘>'0 e«ep ■ „Uure are high on 

fishes currently used in “ to obtain the highest per hectare 

the food chain It is “'O™^ ’ ’ plankton feeders, algae 

yields, pond fish culture sho ^ ^P^ber of countries mth 

feeders and/or omnivores cultunsts that Africa is 

Heterotts ntloUcus will h p J harboring an abundance of 

no different from the other ra t^^ ^ Citharinidae. whose culture 
such fishes Certainly fishes ° Congo and Nigeria, should be 

has been sporadically attempted in Con^ 

more thoroughly ‘'"'‘“‘5^“ and ChLacidae, which have been 

species belonging to the Cypn 

virtually ignored by fish bsh culture vnll take in Africa, 

bu\"i:r™::r™ " 

indigenous species will be cultured 
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2 Stock the pond with a variety of sizes of fish at 200 
about the same amount of each species slocked A pisavorom J 

also be added, in small numbers, to crop excess tilapia fry T 
lean largemouth bass {Mtcropterm salmotdes) was the first species sto 
in this capaaty. but the name SeTranochromts spp, particularly 

robustiu, are now preferred e.,rfarp 

3 Thereafter spread 150 kg/ha of agricultural lime mer the suriac 
every month One week after each liming add 50 kg/ha of double super 
phosphate or 100 kg/ha of single superphosphate or basic slag 

4 Feed the fish once a week. Most Zambian fish cultunsts use pia 
foods, including grass, napier fodder, and chopped leases of 
cassava, papaw, sweet potato, cabbage, lettuce, spinach, carrots, or a 
Conversion ratios of these feeds arc as high as 48 1 and, when ^ssi ^ 
grain foods, including maize, rice, and brewery wastes, should be us 
instead Household scrapings may also be fed If feeding is not fe^t 
further fertilization with 1000 kg/ha of pig manure or 150 kg/ a o 
poultry manure per week is advisable 


The ideal size pond for subsistence culture using these 
considered to be 0 04 ha With good management, yields of SOOO to 
kg/ha may be obtained from such ponds but m practice 1000 to lu 
kg/ha are more often produced 

Monoculture of fry for distribution to fish farmers is also practiced tn 
Zambia The fishes bred are Tilapta spp, Haplochromts spp. 
ranochromts spp Ttlapia spp and Haplochromts spp are spaivned m 
0 08 to 0 20 ha ponds well fertilized with phosphate Adult fish weighing 
0 17 to 0 45 kg, preferably less than 2 years old, are stocked at 100 to 1 
pairs/ha and allowed to spawn naturally The young may be remo' 
from the smaller ponds with nets and slocked m rearing ponds Other 
wTse they are left in the spaivnmg pond until after the breeding season 
Serranochromts spp are spawned in the same way but, unlike their re 
lives, are prone to cannibalize their fry once the period of parental care 
is over Protection may be afforded by dividing the pond with wire 
fine enough that the young but not the parent fish can pass, or by 
couraging dense growths of vegetation 


OTHER COUNTRIES 

It vail be noticed that no mention has been made of countries south of 
the Congo in west Afnca and Zambia in east Afnca To date, fish culture 
in these countries has involve almost exclusively tilapia and exotic 
speaes The same applies to the Sudan, the Mediterranean 
and some of the other nations not mentioned in this account t 



CULTURE OF NATIVE FRESHWATER 


FISHES OF LATIN AMERICA 259 


in tlie culture o£ native Latin American freshwater fishes, and to suggest 
possible future avenues of investigation. Culture of carp and tilapia in 
Latin America will not be treated here, but are discussed in Chapters 
2 and 18 , respectively. 


PRESENT PRACTICES 


COMMERCIAL CULTURE OF PEJERREY IN ARGENTINA 

The only successful commercial fish culture enterprise based on a fish 
native to Latin America exists in the lowlands of Argentina^ There the 
pejerrey {Odonthestes basiUchthys), a member of the family Athennidae, 
is cultured by methods reportedly similar to those used in trout cul . 
Pejerrey are marketed as a luxury food and have virtually no effect on the 

'’rT 96 r 5 eSe;“troduced to Israel, as part of an attempt to 
dwLifyVarrntry’s production of cultured 

adapted well to local conditions and has been spawned in small expert- 
mental ponds at the Fish Culture Research Station at 
cial culture has barely begun. Pejerrey have been ’"‘educed to Chile 
and Japan, where they are artificially propagated and stocked in lakes. 

EXPERIMENTAL CULTURE OF Chhostoma SPP. IN MEXICO 

The Mexican Department of Fisheries has recently be^n experimental 
ine Mexican cep chhostoma, locally known as 

culture of two atherin.ds ^ h 35 can 

“whitefish.” One of these speaes, C. es , Thus the future 

be bred in ponds, and is highly favored as a food b=b. Thus the future 
of culture of C. ester and similar species in Mexico and elsewhere in Latin 
America loolis promising. 

HATCHERY PROPAGATION OF NATIVE FISHES IN SOUTH AMERICA 

Of all the Latin American countries, Braril b- been by fjn the mo« 

, -Cl 1 . The first successful attempts to artificially propagate 
acuve in fish culture. The first su«« 

fish with the use of pitu.ta^ in Latin America has been scant 

1930s, but application o ® fish culture stations confine 

and ummapnative. of various fishes for stocking, as 

themselves largely to , of the country. Whether or 

alevms. m reservoirs, in the noru i culture materially 

not this extremely low-intcnsity app 
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Despite the severe protein problems of the peoples of Latin America, 
freshwater fish culture is almost unknown in that part of the world Most 
of the attempts that have been made have involved exotic fishes, pnn 
apally the common carp (Cyprtnus carpio) and Ttlapta spp Hovsever, 
South America, and to a lesser extent Central Amenca, support a diverse 
fish fauna, among vNhich are certainl) some speaes suitable for culture 
The purpose of this treatise is to discuss the small progress made to date 


258 
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pnsmg plankton feeders, benthos feeders, herbivores, and predators-all 
Lttve's^outh Amertcan characns Ho, sever. South Amertcan b.o lo^sts 
complain that they are unable to spawn these fishes Tins 
since many of die smaller characins are popular among North American 
anTEmopean aquarists and, while a few are challenging to breed in 
captivity many are regarded as being easy to spawn, yielding readily to 
mcHmpre mLipulauons as a partial « of water or an r-e- 
in temperature Even if it turns out tint all the edible 
present insurmountable difficulties to cultunsts seeking to 
naturally the technology is at hand to induce spawning It is difficult 

fellow cultunsts tliioughout the world 


CICHLIDAE 

The Cichhdae are Sjuly '^d tm^X" 

present no problems to the ciilturist see ^ 

achhds are too prolific, and P ,P aquacultiiral potential 

become stunted The m Gimtemala in L early 

of native American cichlias were cam r.^hintnmfL ?mdied irrew 

1960s It was concluded that the ««ht^P«i« o^^ Tilapia, and 

more slowly than imported Afri«>n q,® Guatemalan ex 

were generally inferior for for cuUure of American 

periments by no means P ^ ,u 3 ^es dismissed are suit 

cichlids It may even be ^„t Lthods of culturing Tilapm 

able for culture After all ® experiments, whereas 

spp had been P™*^^ t from scratch ivith Cichlasama spp 

the researchers were forced ^ j^^^her study by fish cultunsts 

Certainly the American Cicbbdae d planning experLLtal culture of 

At present, Costa Rican “ ^ut elseivliere the native Cichlids 

Cichlasoma spp nauve to that country 

are completely neglected 
OTHER FAMILIES 

- - 1 - 1 , B-r»niTiliiite to freshwater fisheries in 

Another large group of fishes will > „£ ratfishes (suborder 

Latin America comprises the s Trachycorysta: (family Do 

Sihircdei) As noted, .furanl, but Lalin American fish 

radidae) are propagated and slocKca 
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augment the supply ol fish ava.laMe to .he ‘’(tTy 

The fishes so spawned and stocked are mos '! Prochilodm, 

Charaedae, including speaes of Curimatus f ' and 

rhet‘ :d 4-. - 

'"VlelaraTm W^ed m Brazil are herbivores 
sores, but some more or less pisasorous fishes are 

ticulatly doradid catfish of the genus " ""fosir of 

three s^aes of camisorous nchhds-dstronotur (*e 

aquansls), C,chla ocellam, and C.chla lemenns plus 
namenm and Pl„gwicwn sqtiamosimmus. two fresh watCT p 
of the predominantly salt water family Sciaenidae-have beCT 
Without hormone treatment, at the go%emment stations „nirol 

are stocked not onlj in reservoirs but also in tilapia manner 

excess reproduction Cichla ocellarts has been emplo) m t is ^ 
tor some time in Colombia, but the practice may be 
use of sterile strains of Ttlapta mossambtea becomes more pres 
The Penman goiernment maintains three fish culture statio 
voted to spawTiing o£ ilie Pirarucu {Arapatma gigoj) o t e » 
largest freshtsater fishes Alevins of A gigas are released into n 
the upper Amazon River basin The slocking program is sum 
of the Brazilian government, both in intent and m the doubtful 
Its efHcac) 


POTENTIAL FOR AQUACULTVRE OF LATIN AMERICA?*^ 
nSHES 

Tiie two dominant families of fishes in the Ireshwaters of Latin 
are the Charaadae and the Cichlidae Representatives of both 
are found in all but the extreme northern and southern portions o 
region and their culture has been the subject of much specu atio 
some effort among local fishery biologists 


CHARACIDAE 

The 1350 or so known species of Characidae include perhaps the 
diversity of speaes of anj famil> of fishes and the great majont) 
speaes are native to Latin Amencau One can easily cotn 

of southeast Asian pond pol^culture, with a community of 
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INTRODUCTJON AND HISTORV 

, fi,h culture in Australia apart from some salt- 
There is no commercial fish has been done by way o£ 

water trout farms in Tasmania, brackish water pond 

experimental fish culture. would be attempted along 

culture similar to that ^ date Australian experimental 

the northeast coast, but It has not freshwater fish. 

fish culture has concerned itse gan freshwater fish have been 

A number of North Arnerican j^jdae, the crucian carp (Caras- 

introduced to Australia Among^the_^^^^^ 

Slus carasstus), the f , . d while somewhat less success was 

tinea) have become widely establis . 

' 265 
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cuUunsts have inexplicably ignored not only other dorad.ds but mmbm 
of the ividely distributed Pimelodidae and the Bunocephalidae ol tti 
upper Amazon River basin. 

Other Latin American freshwater fishes with aquacultural po 
include members of the widely distributed families Eleotndae 
gobies), Synbranchidae (synbranchoid eels), Rhamphichthyidae ( ni 
fishes), and Gymnotidae (gymnotid cels), plus Leptdosiren para 
central South America, the only lungfish native to the western 
sphere 


PROSPECTUS 

It IS dear that the freshwater fishes of Latin America could make a much 
greater contribution to the nutrition of the inhabitants of the r^ou 
than they presently do It is equally dear that with the exception of t e 
work mentioned here and inapient polyculture projects by the Unh 
States Peace Corps and the New Alchemy Institute in Costa Rica, nothing 
15 being done to bnng this about Perhaps eventually culture of m 
digenous fishes will assume something approaching its potential un 
portance, but no major advances are to be expeaed in the immedia 
future 
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the two. the callop appears more promising “ 

its somewhat smaller sire and >ess Tfe la^ xpeHmental 

Artificial propagation of callop ^" “ ^“YuVstrLed Ld artificially 
culturists did "°\=>“7P^..P°"‘l '^^7^^j"f;rmerly popular among trout 
“s ^ef p.To). Hatching requires a little over 48 hours at tempera- 

‘“E“:nt!!li;nmuml spawning has been carried out 

female fish which failed to respond to 7 joaca^ 

distention of die ripe female’s -"'’rw ^ound m%ipen 

area.) While the callop is mainly “ ’ ' necessary to induce 

normally in ponds with no current. ^ 23.6°C, and a 

spawning in “ t^'eTleve” by^^B cm or more, with flooding of 

concurrent rise of the water level y ,v,,„Aant nlankton blooms 

dry ground. The latter condition P™ “ present when the 

to nourish the young. It is Mt nec^ y ^ ^ respond 

water level is raised; ripe fish stocked 

by spawning. Spawning may ‘’® ^ ^ p r P ripe fish are held at 

rd rr":;ve, remam^s constant, the eggs 

as 36 m2 in surface area, but most of P and 1.2 m deep 

O.l-ha ponds, 2.4 m deep Tp 1 to 20 pairs of callop. Greater 

along one side. Ponds '77^7° heavily stocked ponds, but 

numbers of young were produced i»Tnpntal feeding, the juvenile 

after 5 moJths of rearing without supplemen^^^^^^^^ ^ 
fish were more numerous, larger, an 

received only 1 or 2 pairs. . ,he only females which shed all 

Egg retention was a common p believed that egg 

their ova were some of those o ^ flooding; slight rises in 

retention may be associated wii ,.rU,.rPT«: lareer floods produce 

water level resulting in partial ovulation, whereas larger P 

complete ovulation. ..„,,llv associated with high turbidity. 

Spawning of callop in nature ,„„flbion. There was no 

but this was not found “ ^ J ponds with Secchi disk readings 

difference in spawning success invariably occurs at night, 

ranging from 12 to 240 cm. Auver the'^source of the stock used 

Male callop in die Murrum ^8 ,n„g q.S kg in weight, 

■ at Narrandera, mature " 5 k The maximum weight obtained may 
females at about 43 cm fishennen weigh 1.3 to 1.8 kg. 

be over 25 kg, but most of those taken y 
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achieved with acclimatization of the common carp (Cyprinvs carpio) 
None of these speaes is highl> valued as food by Australians, althoug 
the many European immigrants to the country purchase substantial 
amounts in the markets Despite the prevalence of these fishes, particularly 
the common carp in European and Asian fish culture, no attempts have 
been made to culture them in Australia 

The European perch (Perea fiuvtattlts) is better liked by Australians 
but since it is not only high on the food chain but is provided at low 
cost by conventional fisheries there is little incentive for its culture 
Rainbow trout (Salmo gatrdnert) and brown trout (Salmo trutta) were 
introduced to provide sport for Australian anglers and they have been 
more or less successfully acclimatized in much of the southern part of the 
country In most regions hatcheries are employed to maintain the stocks, 
but to date there has been no freshwater commeraal application o 
hatchery techniques 

In the second half of the nineteenth century, when most of the intro- 
ductions of fish were made there was great enthusiasm in Australia for 
such projects and Fish Acclimatization Soaeties were formed in some 
distncts In this century, Australians have become more appreaative o 
the uniqueness of their native fish fauna and efforts are being made to 
preserve it All of the introduced species have been implicated, probably 
with some degree of justification, in the decline of populations of native 
fishes Thus while sport fishermen will surel> see to it that the trout 
hatchenes are maintained, current emphasis in fishery management and 
fish culture is on native speaes 


EXPERIMENTAL PROPAGATION OF NATIVE FISHES 

Experimental propagation of the Australian freshwater catfish (Tandantu 
tandanus) has been described m Chapter 7 Other freshwater fishes whicli 
have been considered for culture include the hfurray cod (Maccullochella 
macquartensts') the callop (Plectrophtes ambiguus) and the silver perch 
(Didyaniu btdyantu) all of which along with Tandanus tandanus, have 
been bred m ponds at the Inland Fisheries Research Institute, 
randera New South Wales 

CALLOP 

Tlic most highl) prized of these species are the Murray cod and the 
callop The appellation * cod is a misnomer, for both are freshwater 
members of the largely marine family of sea basses (Serranidae) 
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was unintentionally spawned at Narrandera when water was added to a 
pond to compensate for evaporation. Subsequent experiments sugges 
the spawning requirements are similar to those of callop, but ha 
the minimum temperature for spawning silver perch is 23 J C. and that 
this temperature need be exceeded only to a depth of 90 
callop, silver perch may spawn in the late afternoon as well as at night. 


POTENTIAL NEW SPECIES FOR CULTURE 

A number of otlier native Australian freshwater fishes might be consid- 
ered for culture. Foremost among these is the Australian 
coiononim), a Serranid ^upm^a mA^similar 

black basses (Microplerus spp.) m North America, in 
colonorum usually migrates downstream to ^ 

but, when denied access to salt water, it will spawn in 
Other possible pond fishes include yet another Serran d, the Macquarie 

peT(Xc,uar.r ausiralas.ca): a “"f “7/, ^^i.r^kfi^ 

(Gadopiii marmcrarn). a cold water species which has fared poorly in 
competition with trout. 


PROSPECTUS AND SPECIAL PROBLEMS 

All of the species discussed are normally 'P""E 

.•1 L ’in mncf rases not an annual rhythm, out a rise in 

stimulus, however, is in possibly some 

water level and fall if these conditions 

oE the other species, will on occasion sp ,.,u,vu ,*tc native 

occur. Even Australian stocks of die European “ een 

habitat, spawns in the early spring, regardless »' water level have bee 
, ^ j tn flip addition oE water to ponds, it appears 

UirundeTAustraS conditions. Hooding of^d^^ ChwatTfish™- 

less universal lev^rshouW be attempted as a possible 

:i;X-nrlTrucin';%r^^^^^^^ any Australian fish 

species considered 'or ™hu«- necessary for Australian fishes to 

The same factor which has made it ■'“^sary^^^ 

adapt to sudden diangesm w^ > country are 

Lt cTm mom t ts annual droughts, while others are regularly 
fiooded to the extent that entire river valleys become lakes. I. may be 
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Gallop «culd apparently prore adapuble to pond culture. 
held m deep and shallow ponds which did not fulEll 
scribed aboie thrived but did not reproduce In nature, callop 
mainly on invertebrates, but there are indications that they would 
spond favorably to supplementary feeding 


MURRAY COD 

Culture oE the Murray cod {Maccullochella macquariensts) 
somewhat further than callop culture, artificial TTie 

former species having been earned out at least as early 1 
details oE sexing and arltfiaal spawmng of Murray cod do not ° 

those gisen for callop Hatching, which has been expenraentally ac 
complished on gauze tra^s placed m floating cages anchored m a 
requires 8 to 9 days at 20°C The larvae absorb the yolk sac m 4 to 7 da)S, 
after which time they will accept finely ground fish, fish eggs, or shel * 
Although the Murray cod is a large fish, reportedly reaching a maxi 
mum weight of over 65 kg, mature specimens weighing as little as g 
may be obtained It was found possible to spawn 2 5-6 8 kg speaincns 
in a 0 6-ha pond at Narrandera, and natural spawning has on occasion 
occurred in smaller ponds As with the callop, a nse in the water 
with flooding of dry ground, seems necessary to trigger reproductive 
havior It appears that a very slight change in water level may be su 
cient, but m other respects the spawning requirements of Murray 
are more ngorous than those of callop Of particular importance i* 
temperature, flooding should coinade with the attainment of a wawr 
temperature of 20®C, but if 21® is exceeded, the eggs wull be resor 
A long exjxisure to warm water is not necessary to damage the os'a, it ts 
thought that esen handling npe fish, for example, in sexing, may cot' 
stitute a thermal stimulus suffiaent to effect resorption Murray o>d ha^ 
been described as building nests, but it is likely that the ' Murray 
nests' which have been observed were in fact old nests of Tandan^ 
tandanus At Narrandera, each female attached her eggs to the msi c 
of a single fibro-cement pipe, 20 cm m diameter 

SILVER PERCH 

The silver perch (Bid^anuj bidyanus) is a representative of another 
dominantly salt water family, the Theraponidae Its habits and distn u 
non closely resemble tliose of the callop, but it is a smaller fish, reaching 
a maximum weight of less than 3 kg, and is less important m fishencs 
Artifiaal fertilization of silver perch eggs has not been attempted, but i 
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"FROG FARMS” IN THE UNITED STATES 

e is nebulous On the one hand. 
The status of commercial frog cu tur j.gpgaiedly ad\ise prospective 
United States government of frogs as food animals 

frog farmers that intensive .-j one continually encounters 

has yet to be achieved On the o "frog farms '* Such cstab 

individuals who claim to be opcratmg profitable g 
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argued by some that such hydrological irregularities render fish culture 
unfeasible One need only consider the importance of fish culture in, on 
the one hand, Israel, and on the other. Southeast Asia, to see that this 
defeatist attitude is not necessanly justified If freshwater fish culture 
techniques are eventually adapted to Australian conditions and fishes, 
the results could be most benefiaal to the Australian diet, particularly in 
inland areas 
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to incorporate any form o£ control over breeding but have allowed the 
hogs to spawn as they would in tlie tvild. The resulting tadpoles have 
sometimes been reared separately from adult frogs, and adnlts have been 
segregated by size in the belief that extensive cannibalism would other- 
wise result. However, some researchers have found cannibalism rare or 
nonexistent among well-fed bullfrogs of all ages. 


FEEDING 

Feeding is the key not only to averting cannibalism, but to health and 
satisfactory growUi of frogs. Frogs and tadpoles maintained outdoors will 
obtain some food naturally, but at commercially feasible population 
densities, the natural food supply must be supplemente . 

Tadpoles, while primarily herbivorous in nature, will accept any soft 
animal or vegetable matter. Among the feeds which have been employed 
are boiled potatoes, meat scraps, and chicken viscera An F 

attractive idL is the use of the viscera and other scraps from butchered 

'X: ‘rntfatoStosis to the frog stage is complete, feeding become 

much more difficult. Adult frogs feed ™ 1^! to ne^i 

Japanese researchers have reportedly been able to in ® , . 

stationary silkworm pupae ’’5' bl ome accustomed to 

food involves the use of wooden trays containing about >^m “f wa ^ 
Dead silkworms or other food items are placed in ' ^ 

anchored in shallow water near shore. A small motor keeps trays 

oscillating slowly, so that the f been tried 

So far as is known, these Japanese * ^ . nilnmciis; have 

- UnM 

relied on stocking or attracting li'C looo fiHrller rrabs 

1 • T-t ‘ 1 his Donds with marine Jiciciicr craos 

near the ocean in Florida, stocKea nis p c„,.,itpr of 

(C/ca spp.), which -e ^undant on Rorida^bea^- 

hogs and their tadpoles encouraged as shelter and food 

Stocked as food. Aquatic plants may be T#‘rTestnal flower- 

for tadpoles, crayfisl and oUier poten^ 

ing plants serve a simik-ir be attraefed by illuminating 

hunted by frogs on shore. J lamiis. No com- 

tile shore of tlte pond at mglu saiUfaclory. and ll.e 

binaiion of lliese methods has yet p rrmains the principal 

difficulty ot supplying adequate amomm of food remains principal 

obstacle to successful bullfrog farming. 
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hshments generally turn out to be slightly modified shallow ponds or 
suamps. wliere blp are harvested in much the same ^ 

frogs In some cases, husbandry is limited to ereaing a fence to reui 
the frogs and exclude predatois, and the chief market is other wou 
frog farmers Other such farms, howeser, are more sophisticated and s« 
to restaurants and other food outlets Intensise indoor culture methoos 
ha\e also been de\eloped for several speaes, but at present 
plied only to the production of laboratory frogs, and opinions ditter 
to whether modifications of these methods could economically be app 
to the culture of frogs for human consumption 


SOURCE OF STOCK 


Most attempts at frog culture have been made in the United States, 
where frogs are among the most expensive luxury foods Numerom 
speaes are harvested from the wnld and are generally not discnnunat 
among by buyers or consumers exapt on the basis of sue. The la^® 
and the most widely used in attempts at culture is the bullfrog {Ra^ 
eatesbiana) Bullfrogs lay their eggs in shallow standing water dunng 
April in the South and ^^ay or June in the North- Hatching requires 
4 days to 3 weela, depending on leropcrature. The aquatic larvae, 
erally known as tadpoles, feed chiefly on benthic algae. In 5 months to 
2 years they metamorphose into the seraiaquatic and exclusively car 
mvorous adults, which may reach lengths of up to 20 cm. 

Prospective frog farmers may obtain bullfrog stock from commeraa 
sources, or or tadpoles may be taken from the wild- Bullfrog egg* 
(and those of a few other laige frogs) may be disunguisbed from those 


small, undesirable speaes by the size of the floaung egg mass, w 


hicb 


covers about Ojm* Size is also the disunguishing charactenstic 


of bull 


frog tadpoles, whidi are mudi larger than most other tadpoles of the 
same age. 


STOCKING 

\Vhichever life form is taken, they should be distributed around the 
penmeter of the body of water to be stodged. Althougb this 
be suitable for new operauons, the cultunst should endeavor to breed 
own stock as soon as possible. In addition to the taxonomic uncertainty 
»n collerting wild stock, wald tadpoles often harbor pathogemc organis®* 
and suffer high mortabties in the late stages of metamorphosis 

All known attempts at frog fanning in the United States have in 
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niques i£ successful commercial pond culture of frogs is to become a 
• 1 of froe culture in the United States are 

s“ r. ,4. - - 

far north as Vermont and Wisconsin. 


INDOOR CULTURE OF FROGS 


SPECIES CULTURED 

A 1 10 frna farming, and one which largely eliminates 

A newer approach to frog fa g poetical methods of indoor 

climatic considerations, is mdoo laboratory animals were first 

propagation and rearing of frogs u„i^e„ity of Hiroshima, Japan, 

worked out by T. Kawamura -.H-inted for use with American 

Kawamura's methods '""" ^^“oepIrtmeL of Zoology, University of 
species by George W. Nace ot several other insti- 

Michigan. Nace's produce their own experimental ani- 

tutions which liave “ndertah P ^ commercial culture of 

mals, but to date no one lias ?_.Hes routinely cultured at Michi- 

frogs as food animals. However. J.^Hans), the pickerel frog {Rana 

gan include > 1 '= 

palustm), and the leopard .. any of the larger American 

as food, and there is no reason -Thus the possibility of indoor 

frogs could not be simil^ly Jan consum'ption Jnnot be ig- 

commercial production ot frogs for human 

nored. 


WATER SUPPLY , . , . i » 

• A rtilturc 5YStcm» pRins had to be taken 
As might be expected in an in oor University of Michigan Am- 

to provide a suitable svatcr siipp >' of Nace and his associates, 

phibian Facility. Based on t ic “^nance ot a self-perpetuating frog 
there are four requirements lor m 

W must be abundant at all times: the Michigan 
1. The ^vatcr supply must oc 

'1”rnrp::LJeJhS(iJrdequate to ..rmit individual fine control 
ot How through eacli container. 
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DESIGN OF PONDS 

Another problem faced, and largely mercomc, by early cxpenmcnul W 
cultunsts IS lemtoriality A large bullfrog may require about 7 5 mo 
shoreline as a feeding territory, a trait which scserely limits the num 
of bullfrogs in most natural cnsironmcnts Natural bodies of sni , 
houeser, usually include large expanses of deep, open water tshi ar 
of little use to bullfrt^ dunng the grovang season Cultunsts are t ct 
fore able to maintain frogs at population densities mucli higher t 
those usually obsen-ed in nature by rcduang the amount of open s^a er 
in their ponds, sshile increasing the length and irregularity of the s lort 
line through construction of islands and peninsulas extending into t 
centers of the ponds If natural ponds suitable for such modification are 
not asailable the shoreline of artifiaal ponds may be maximized by con 
struciing them as a senes of narrow trenches Such trendies shoul run 
north and south insofar as possible, so that scgetation on ilie banl^ vn 
serse as shade for the frogs 

^\Tiateser form of pond is used, a small portion of it should be eep 
enough to protect frogs and tadpoles from extreme heat or cold In t 
South, so to 45 cm is adequate, but in the North, deeper water ma) 
necessary to insure the sursisal of hibernating frogs In any location, 
laige portion of the pond should be only 5 to 15 on deep to faahta 
the feeding behavior of frogs and tadpoles . 

Predators of frogs and tadpoles are numerous and some tadpole preaa 
tors such as large aquatic insect larvae, are siriuall) impossible to exclu 
from frog ponds ^me terrestrial predators may be kept out by cn 
closing ponds with a small mesh wire fence about 1 m high, sloping 
outvsTird at an angle of 35® Birds are more difficult to exclude, 
wire net stretched above the shallows may be partially ellecii'e. ^ 
predator control method developed to date is 100% effective, and t e 
cultunst should allow for some loss 

HARVESTING 

Harvesting of bullfrogs from ponds as just described is ^ 

effiaenL The methods employed are the same used in hunting wild op 
— fishing with hoot and line, speanng, and hand capture. Li'C bait ^ 
occasionally used m fishing for frogs, but a more common practice is ^ 
dangle a crude lure, made of red cloth or yam, in front of the frog 
simulate a hovenng insect. Speanng and hand capture are done at mg 
WTth the aid of a bnght spotlight, which dazes and immobilizes the op 
Clearly, these methods must be supplant«i by mass harvesting t 
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3 The pU should be shghily aad 

4 The water temperature must be constant at 20 to 22 C 

The source o! water at Micliigan ts the city o( Ann Arbor municipal 
system, which is unsatislactory on the last three counts Booster pump, 
pressure regulating valies, and carefully designed plumbing have been 
installed to compensate for irregular mam pressure. pH is maintained a 
6 to 7 by the monitored introduction of acetic acid, and the temperature 
IS regulated with the aid of heaters and industnal capaaty mixing va ves 
A commeraal culiunst would of course seek to locate so as to avoi 
these expenditures if possible 

Ann Arbor aty water is chlorinated, which would seem to present yet 
another problem, as it does for tadpoles It has proved necessary to insta 
an industnal activated charcoal declilonnator to provide safe water 
for tadpoles However, while clilonne is toxic to tadpoles at concentra 
tions well below the 0 6 ppm found in Ann Arbor aty water, a u t 
frogs can stand chlonnation up to 4 ppm In fact, mild chlonnation 
sen.es as a prophylactic measure against bactenal diseases Adults are 
thus kept in water provided by lines which bypass the dcchlonnator 

TADPOLE BOTTLES 

Differences in water quality requirements, along with other aspects of 
the life history of frogs, diaate that separate housing faahties be pro- 
vided for each life stage Fertilized eggs and very young tadpoles am 
held at low density in shallow enamel pans Dead embryos are removed 
regularly, and the water ts changed at least every third day ^Vhen vigor 
ous swimming commences, the tadpoles are transferred to speaal tadpole 
bottles (Plate 1) 

A tadpole bottle is constructed by removing the bottom of a conven 
tional 1 gal glass or plastic bottle, stoppering and inverting it WatCT 
IS supplied from below through a 10 mm glass tube and removed throug 
a 15 mm plastic siphon tube extending to the stopper In this manner a 
constant flow is maintained, and the oldest, "stale” water is remov^ 
Flow through each bottle is adjusted so that the water is exchang 
about three times daily, yet dangerous currents are not created A or 
cular stainless steel screen inserted over the inflow and siphon tubes prc* 
vents tadpoles from becoming trapped in the neck of the bottle Tadpole 
bottles each containing 25 to 75 tadpoles, depending on size and speoes, 
are held in racks provided with waste troughs to dispose of the water 
which is siphoned oul 

In nature, certain individuals of each batch of tadpoles grow most 
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Plate 2 Cages for adult frogs at univcR-ty 
(Courtesy UniversUy of Michigan News Service) 


, , . in^lividuallv Tvithdra%vn for inspection* cleaning 

that each cage can be to a telescoping dram so that 

and so on The overflow tubes are connected to a le P 

circulation need not be f“Xdi may be more readily adapt 

A simpler device for holding «hidi^ ^ to 

able to commeraal culture, is a 5 ® ^ two story structure 

the cages just described, but not ,o"ing the de 

Such troughs may be divided ‘n o P a 6 mm open space 

sirable feature of easy flushing, by P ; 

under each divider „„.„n,ned as a quarantine for newly 

Separate housing facilities are containing 

received frogs Such animals are ^ clilonnc concentration of 6 

enough calcium hypoclilonte to p placed in isolated containers 

ppm Following this treatmen hgalth is assured 

and provided ivith an excess of 


FEEDING , 

rtf all forms of frog culture, and Nace s 
Feeding is critical to the success ^ ^a^ety of greens but 

system is no exception Tadpoles y found best Spinadi is 

boded romaine or escarole lettu 
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rapidly at first These large individuals release a grossth inhibiting sub- 
stance winch acts ujicn the smaller tadpoles The result is that tadpoles 
metamorphose and emerge as frogs in svases nthcr than all at once 
While in nature this helps asert miss mortality due to predation or un 
favorable conditions in the terrestrial environment, commercial culturists 
ssould not be hkel) to find this arrangement advantageous Fortunaicl), 
the use of continuously flowing water, as described here, prevents the ac 
cumulation of the growth inhibiting substance and results in relativel) 
uniform growth and more or less simuhancous mctamorpliosis 

CAGES FOR METAMORPHOSED AND ADULT FROGS 

Metamorphosis is considered to have occurred when the forchmbs erupt, 
at which time the young frogs arc transferred to rectangular plastic 
containers lined vsith rubber mats and containing a few pieces of broken 
clay flower pots to serve as cover These cages arc placed on racks at an 
incline so that one end contains vsatcr vshilc the otlier is dry The con 
tamers are cleaned and the water is changed every third day 
Transformation into the frog form need not be complete for the 
young to be treated as adults Rather they ire transferred to adult con 
tamers as soon as their vigor is assured Housing for adult frogs should 
have the following characteristia 

1 Both aquatic and terrestrial areas 

2 Flowing water and faahiies to permit flushing 

3 Construction design vshich permits ready access and allow’s cleaning 
with minimal handling of the frogs 

4 Closures which are strong enough to prevent the escape of frogs 
fine enough to retain insects presented as food and open enough to pro* 
vide adequate ventilation 

These conditions are met by the rather elaborate two-story plastic 
cages used at Michigan The opaque bottom section of each cage con 
tains not only water but ledges so that the frogs may remain dry but 
secluded Nested into the bottom sector is a dry, transparent cage wnth 
a rubber mat and clay shelters like those used in containers for newly 
metamorphosed frogs A hole in the bottom of the upper section permits 
the frogs to move from level to level Water is supplied through a tube m 
the rear of the bottom compartment and leaves via a 25-mm high overflow 
tube Tops are made of stainless steel wire cloth and incorporate an 
access port 

Adult cages (Plate 2) which are either 48 3 cm X 26 7 cm X 16 5 cm 
deep or 50 8 cm X 40 6 cm X 21 6 cm deep are mounted on racks so 
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containing ten vitamins, as well as calcium, magnesium, and various trace 
elements. 


BREEDING AND SELECTION 

Laboratory breeding procedures tor frogs have been standardized and are 
well described in a number o£ embryology texts, thus need not be re- 
peated here. (See references at end of this cliapter.) Commercal adapta- 

tions have yet to be worked out. i. t. 

Frogs have been selectively bred tor some time, a proems which h^ 
been greatly enhanced by the discovery that the shin mar mgs o ea 
frog are unique and may be used like human fingerprints as a means of 
individual identification. All frogs in the Michigan oilony are routinely 
identified at metamorphosis and a complete bree 

each individual, a procedure which could easily be app le y commer 
dal culturists to selected breeder frogs (Plate 3). 


POSSIBILITY OF INDOOR COMMERCIAL CULTURE 

Obviously, the methods just described will have to be simplified some- 
what if frogs are to be commercially cultivated indoors. The first o at- 
tempt to adapt Nace's and Kasvamura’s techniques 
and also theLt to culture bullfrogs indoors is ^ 

the Bepartment of Forestry and Wildlife Management, Lou>s«na State 
UniverLy. The principal difference between Gulleys 
that used at Michigan is the source of food, T^^pofrs “e “ 
dally available rabbit pellets or trout chow. Adult have bee 

found to prefer fish to other food organisms, thus 

at Louisiana State are maintained on a diet of ^hfrh are 

affinis) and sailfin mollies (MolUenisia W'fmnii). ^“'h of which are 
easily bred and maintained in captivity. Bullfrogs =>■■■= 
poles, and experiments are being conducted with excess ^ 

\ . 1 bioloeical success in indoor buiurog 

The pnnapal obstacle Culley is optimisUc that 

culture is the difficulty of breeding ih . 
this problem will eventually be solved. 


DISEASES 

Diseases present aUribm«r'to mer- 

rsZg^rcS/thrrr: t™ condllous whid may give rise to a 
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a\oided. as it may cause formation of kidney stones A good deal of judg 
ment is required in feeding for, although tadpoles consume great 
amounts of food and must be fed twee daily, they may be killed by over 
feeding The basic lettuce diet is supplemented two or three times weekly 
with cubes of raw or boiled liter It should be noted that a number o 
other forms of food may be equally suitable from the tadpole's point o 
view, but that the nature of the tadpole bottles dictates a number of the 
propierties of the food Speafically, it must not float to the surface, pro- 
duce a scum which inhibits gas exchange, or be fine enough to settle 
through the screen into the neck of the bottle or be flushed out 

As in outdoor culture methods, feeding presents more of a challenge 
once metamorphosis is reached So far, optimal grow th and rapid attain 
ment of sexual matunty ha\e been attained only when the frogs are fed 
on live insects Nace has settled on three speaes, the meat fly {Sarcophaga 
bullala) the greenbotile fly (Phoentaa sertcata), and the field cncket 
{Acketa domestica) Cnckets are obtained comraeraally and maintained 
on a diet of chick mash and water, but the flies are raised in the labora 
tor) 

Adult flies are maintained on water, sugar, and a sugar solution and 
allowed to deposit their eggs on a moistened mixture of sawdust and dog 
food, topped with several thin slices of raw liver, placed in a plastic tray 
After 24 hours in a breeding cage each such tray is placed in a 31 0 cm 5^ 
28 5 an X 8 1 cm deep stainless steel pan, lined with paper towehng 
Escape of maggots is prevented by means of a nonleihal “electnc fence 
aeated by running a 10 V current through a copper strip mounted on 
insulation affixed around the Iip of the pan Upon reaching full growth, 
the maggots migrate from the food tray into the pan, where they pupate 
Pupae may be stored at 4®C for as long as 3 to 4 months, then warmed to 
30®C for hatching After hatching the flies may again be chilled or anes- 
thetized with CO 2 and fed to the frogs while in a torpid state 

The entire fly culture operation, which produces 25,000 flies daily 
1 $ confined toa24mX30m room The speaes raised both require elc 
v-ated temperatures for reproduction thus escapees cannot become a noi 
sance m the Michigan climate Potential frog cultunsts m tropical and 
subtropical climates, where meat flies and greenbottle flies might become 
established, might consider the possibility of relying entirely on cnckets 
or some other speaes of insect. 

Tlie diet of flies and cnckets has proved satisfactory for green frog* 
and leopard frogs, but pickerel frogs and some smaller speaes apparently 
develop a vitamin defiaency and do not survive well Ultraviolet lighting 
has been found to help but it 15 more effiaent and equally effective to 
dust the food animab with powdered Pcrvinal, a commeraal preparation 
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be effected by isolating the infected individuals and treating them with 
such antibiotics as diloramphenicol and sulfadiazine In severe cases 
It IS also advisable to heep the frogs in a salt solution approximating 25 
to B0% frog Ringer's solution 


GROWTH AND DEVELOPMENT 

Growth and development of well fed frogs in both outdoor and indoor 
culture systems compares favorably with that observed in Jhe 

chief determining factors are food supply and length of 
season On the average, two years are required from metamorphosis to 
maturity in the South and four years in the North Similar variations exist 

.. ^ t.'z 

metamorphosis to ^ cm (including the 

come from Gulleys experiment Taking a for marketing in 

outstretched legs) and a weight of 130 g rn^n-nni sitp within 

Louisiana, almost all of Gulley s bullfrogs reached ^ 

12 months of metamorphosis The fastest ^-""8 ^/'odu^ 

this size in 8 months Through selective breeding, Gulley hopes to reduce 

the average time required to less than 8 mont s 


UTILIZATION 

A serious obstacle to the hmd 1^ are useful 

United States is the American “ ^ „„ the back and front 

as food There is in bmuritld increase the cost of pro 

legs of any large frog, , ere eaten, there is still a large 

cessing Even if the back , ^„tircs frogs are prepared so that 

amount of svaste In certain t.t,oj.ed with the entrails 

the bones become soft ‘lig«ti . jices would find favor 

and skins intact, but it is doubtful that sucn p 

m the United States at ‘J"* „ 3 es could be found for presently 

Culinary practices aside, if mar 

wasted parts of the frog ^ has already been made 

to the threshold of economic ^ tadpoles It is also possible that 

of the practice of feeding ^“5 e ^ P to the marine pro 

frog wastes could be processed i P 
tein concentrate (MFC) made from fish, ano 
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Platt S. t^rge tiullfrog thming diitincthe venlral markings used to identify 
siduals for genetic selection. (Courtesy Dudley C. Culiey, Louisiana Stale llnisers*‘y' 


reddish discoloration of the legs. Red-leg in recently transported frog* 
most often indicates simple irritation of the skin caused by prolong 
contact svitli a dry surface. Such irritation may, if not treated, afford acces* 
to infectious microbes, but it is not a disease symptom in itself. Infection 
by certain bacteria, most frequently Acromonai, produces a similar rc 
sponse. Tlie best presentise measure is adequate nutrition. Cures may 
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dose of progesterone The natural rate of fertilization of R tignna is 
poor, so stripping of eggs and artificial fertilization have been employed 
Nearly 100% fertilization has been obtained using the dry method 
There appears to be no basis for fear that either speaes will be a 
serious predator in fish ponds Preliminary observations indicate that 
they feed primarily on worms, gastropods, and aquatic insects, with sma 1 
fish constituting only an inadental item in the diet If submerged weeds 
are encouraged by fertilization, a frog pond should produce an amp e 
food supply 


POLYCULTURE WITH FISH 

Indications are that the combination of frogs and fish would be more 
profitable than frog monoculture Expenmenta yie s o ai 
small frogs were stocked with fingerhngs of the Indian major carps catla 
(Calla catfa), rohu (Labeo iohita). and mrigal (Curfimo mr,gala) are 
shown in Table 1 


TABLE 1 STOrKING RATES AND YIELDS OF FISH FROG 

CULTURE IN INDIA 

FROG 

SPECIES 

STOCKED 

STOCKING 

rate/ha 

STOCKING 

RATE OF 
MAJOR CARPS 
PER HECTARE 

YIELD 

OF FROGS 
(KC/HA) 

YIELD 

OF FISH 
(kg/ha) 

TOTAL 

YIELD 

(kc/ha) 

■R hexadactyla 

R tigTina 

None 

R hexadactyla 

R Uguna 

2,000 

2 000 

2,000 

2,000 

none 

none 

3 705 
3,705 
3,705 

259 0 

235 6 

00 

234 8 
2183 

00 

00 

886 1 
1,611 0 
1,0931 

259 0 
235 6 
8861 
1,845 8 
1,3114 


No explanation has been advanced for the higher y-'ds A* - 
ponds stocked mth frogs, and they may or may 
presence of frogs 


PROSPECTUS 

Experimental frog culture has thus commer 

production of frogs for laborato^ use or^^ a luxu^^^__^ 

cial status and prospectus of su supplying human mitntional 

predicted about the eventual role of frogs i p aiitlioniv can be 

needs Wliateser form of frog cn^- one “usiden. an aut^^^ 

found to support any prognosis, from g b 
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nutritional supplement Efforts ha\e also been made, mth some success, 
to tan frog skin and use it in the manufacture of leather items 

In addition to the economic and gastronomic incentues, frog culture 
should be encouraged as a conservation measure 'Wherever there are 
large populations of frogs m the United States, they are sought by hunters 
not only as a source of food but for sale to schools and research labora 
lories Intensive hunting, along with drainage of wetlands, continues to 
reduce already depleted populations and some authorities foresee the 
disappearance of the ivild frog industry wthm 10 years Already American 
educators and scientists must import large quantities of frogs 

Disappearance or drastic depletion of frogs would mean the loss not 
only of an industry but of an important oimponent of the ecosystem 
Adult frogs are among the most effective insect predators, and both 
adults and tadpoles are important in the diets of many fish, birds, reptiles, 
and mammals Tadpoles occupy a unique position m the food chain by 
virtue of their benthic feeding habits, which result in their recycling 
nutrients that might otherwise be trapped in the substrates of ponds It ts 
thus to be hoped that aquacultunsts in the United States will 
increased efforts to propagate and rear frogs for both laboratory ana 
table use 


EKPERmENTAL FROG CULTURE IN INDIA 

Frogs support industries of some value in many of the Latin American 
and Asian countries but only India maintains an extensive frog culture 
program, although small scale expenmental culture is reportedly being 
earned out in China and Cuba. The main center of expenmental frog 
culture in India is the Pond Culture Substation of the Central Inland 
Fisheries Research Institute, Barrackpore, Cuttack, but preliminary 
work IS also being done at the Freshwater Biological Station Bhavanis 
agar, Madras In both cases the species cultured are Rana hexadactyla 
and Rana tigrtna, both of which are in high demand for export as frog 
legs Officials at Cuttack are not generous with information but it is 
known that some of the studies conducted concern induced spawning, 
food and habitat requirements, and polyculture with fish 

SPA^VNING 

Both speaes of frog vshich spawn naturally during the northeast mon 
soon (September to November), can be induced to spawn throughout 
the year by the administration of frog pituitary hormones with a pnmmg 
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u V.., p^iiaries probably none is so widely 
Olall the species of found in tropical and 

distributed as the striped mullet (A ^ J ^ ,t and several of 

semitropical waters ''' fproduL of brackish water fish 

Its congeners are among the P" P and Italy However, the 

culture in regions as widely “P“” jcientists in mullet is occasioned 
keen interest of Hsh culturists and 17^^ promise of 

not merely by the present status o 

even greater significance in the (C/ionor c/umor), the only 

Until recently mulleB. hke t brackish water, could not 

other important food fish routinely culture as practiced today is 

be spawned in captivity Couim^^l ^„p. 

thus a low intensity operation, de^ ^ anything but 

plies o£ fry, involving other species 
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done' attitude Rather than add to the confusion, let us simply acknowl 
edge that attempts at commercial frog culture will continue, and state 
that Its future is in the hands of a few biologists and adventurous en 
trepreneurs 
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Plate 1 Male atrip<Kl mullet (above) and female (below) (Courtesy Dr Ziad Shehadr 
Oceanic Institute Hawaii and I C Luo Tunkang Shrimp Culture Center Tunkang 
Taiwan ) 


beneficial to mullet stocks and offering no opportunity for domestication 
or selective breeding 

ARTIFICIAL PROPAGATION 

Artifiaal spawning of mullet was first achieved with striped mullet m 
Italy in 1930 by the use of methods similar to those employed in stnp* 
ping trout in hatcheries (see Chapter 20) The implications for practical 
culture of this accomplishment were slight however, since in most regions 
It IS very difficult to capture ripe mullet 
A more important breakthrough was achieved in 1964 by Yun An Tang 
of the Taiwan Fisheries Researdi Institute Tang succeeded in induang 
ovulation and successfully spawmng striped mullet by injecting ripening 
fish with M cephalus pituitary extract and the synthetic hormone syna 
honn In each subsequent year, Taiwanese biologists have endeavored 
to improve their techniques Current practices produce about 70% spawn 
mg of females within 20 to 24 hours of injection 
Taiwanese biologists are still dependent for experimental fish on fisher 
men who are able to capture a few ripening mullet as their spawning 
run passes the southwest coast of the island m December or January 
Females selected for induced spawning are 4 to 6 years old and average 
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PLATE 5 intiarauscular inject.on of OmL Imti 

ir. '’c tit tuSt cu.-e can... xunung, Ta..a„ , 

\ TT cii Culture Research Station, Dor, Israel, 
In 1968, biologists at the ^ y^^ng Uiree fractional in- 

had some success in spa^^ml^g s rip o,tuitary, collected from April 

]ections of common carp (Cyprinws ca injection ivith 1 6 

to July, at the peak of its came from freshwater 

pituitanes/kg of female mu e , | x 1 25-m concrete tanks The 

ponds, were placed in f 2O pituitarics/kg of mullet, were 

second and third injections, « olaced m the concrete tanks The 

given 7 and H hours after the 9 0 lU of lutemizmg hormone After 

third injection was supplementc ^ 2 davs, they were transferred to 

the mullet had been in the tanks graduall) in- 

similar tanks containing half y„ji, Spav%nmg occurred 17 hours 

creased over 12 to 24 hours to u 

later in the tank . jesicned incubators and hatched in 

The eggs sserc placed m *P'"" ^ i,our5 they doated, but mth 

3G ,0 .14 hours at 22 to 23”C j^uning o( the egg), the) 

the deselopment ol the emhr)o (s.s.bw 

sank , „h,esen,ent is that mullet cul.urists 

The signihcance of the Israel, ach.esen 
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Plate 4 Suction of oocytcj from female to ascertain stale of matunty prior to inj«' 
tion (Courtesy Dr Ziad Shehadeh, Oceanic Institute, Hawaii and I C. Liao, Tunkang 
Shrimp Culture Center, Tunkang, Taiwan ) 


55 cm in length and 2 kg in weight. Males used are 4-year-olds, averaging 
50 cm long and 1,2 kg in weight. It has not been found necessary to inject 
males, but females receive a total of 2 to 4 pituilaries and 10 to 20 rabbit 
units of Synahorin, injected intramuscularly Fractional injection is used, 
tvith i/s of the dosage administered at once and the rest 20 to 24 hours 
later. After allowing 20 to 24 hours for otulation in holding ponds at 
19 to 23®C and 32,5 to SS.O^c salinity, fertilization is done artificially* 
using the "dry” method. 

Eggs ha\e been incubated in baskets suspended in large plastic tanks 
or in the tanks themselves with either aeration or constant circulation or 
both, with no difference in results. Plate 8 illustrates a hatching arrange- 
ment successfully used ai the Oceanic Institute, Waimanalo, Hawaii Rais- 
ing the temperature to 22 to 24®C reduces the time required for hatching 
to 50 to 60 hours. In either case, hatching rates ha\e ranged from 40 to 
90%. Most of the eggs that have failed to hatch have been found to be 
either overripe or premature. 
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nique for coelom.c administrat.on ot ho™ones via a polyethyl^ 
i4, anted in the coelo.ntc cav.ty 
"feathered'* sleeve. The free end, us 

“ a week to administer one mullet or 

By using this device three times . synahorin per 

salmon (pncorhynchus) pituitary P o<iuce egg release spontane- 

BOO g of female mulleu it rvas ^^hlem^ 

ously or manually within 2 l„,ched at 2G°C and 32Jfo salinity. 

using noninjected males, and he to he spawned in 

The only mullet species othe macrolepis and 

^ptivity thus far are ‘'“f' ° ;,„ed with the aid of pitiii- 

Mugil troschelh in India. All h Dircctorale of nsi.cries, Orissa 

tary injection, but in 19G9, „ j„atiirc specimens taken from 

State, India, captured and rer.’ilira.ion was success, 

the mouth of Chilha La e ^ temperatures of 21 to 

fill, and hatching occurretl to 

29'>C ^he hybrid 9 Mugil cephatus X i i^iug } 
duced in Israeli 
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Plate fi Honnonc injection through polyethylene catheter (Courtesy Dr Zud She 
hadeh Oceanic Institute Hawaii and I C Liao TunVang Shrimp Culture Center 
Tunkang Taiwan) 


need not be dependent on wild fish captured during the spawning run 
The mullet used m the experiment were captured as fry from a Mediter 
ranean estuary and reared m freshwater ponds at Dor To ensure ripe 
ness speamens used in the experiment were stocked m newly filled 
ponds at GOO to 800 fish/ha in August 2 months prior to the spawning 
season One of the obstacles to selective breeding of mullets has been 
the difficulty of obtaining adequate amounts of potential spawners but, 
from nov\ on Israeli workers should have large numbers available The 
work at Dor has also been useful in that it demonstrates that common 
carp pituiiaries which are available nearly every^where can be used to 
induce ovulation m mullet thus eliminating the need to sacrifice mullet 
for that purpose 

Another problem experienced by mullet culturists in Israel and else 
where is the fragility of Mugtl spp with respect to handling The neces- 
sity for handling during pituitary injection has been reduced by 
researcliers at the Oceanic Institute Hawaii, who have developed a tecli 
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Plate 9 Plastic stripping from which Center 

Shehadeh Oceanic Institute Hawaii and 1 C Liao l unxang i 
Tunkang Taman) 

of ch.ronom.d hrv^e wlucl. tl.c Into A Ynshouv J,',” 

po,s.ble to keep «000 Jo ^000 la-e .n a^na^f 

■rj's;;srr.2.« — y — -r :«r 

wiiti phslicsOKn “ "“"'"“ ’^"^.’“'limgMiroodclail) Irom a 
n.ques ,t is possible to barv«t ® ^ ®„g ...sects may contain 

single tray It is tlieonzed that these m 1 extraordinarily eflcc 

some sort of ,„enipted to detenni.ie the 

t.'e on coldblooded sertebrates lasliom ,,^„e fi,,. 

minimum amount of these larvae nect ,),□ key to successful 

and algae diet, m the hoi« that it asould be part ot xey 

ttaring of mullet fry Oceanic Institute in Ilauaii 

A method currently being testes eraring surface area avail 

utilnes buoyant plastic strips to in pH.nc. Lit improvement is 

able to the fish Diatoms will grow on the p 

liopetl tor as a result of imbedding mitncn 1 aclnevesl at the 

The grcTicst success in rciring nm 'Tam-nn Ilicic I C Uao 

Marine rish Culture laboratory, Tunglang Taiwan I here 
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Plate 8 Hydrodynamic hatching baskets lor mullet (Courtesy Dr Ziad Shehade 
Ocean c Institute Hawaii and I C Liao Tunkang Sbntnp Culture Center Tunkang 
Taiwan) 

Ffiy REARING 

It appears that induced spawning of mullets is well on its way to per 
fection but another formidable obstacle to intensive culture remains 
rearing the minute planktonic fry Striped mullet fry commence to feed 
on the third day but their dietary requirements are not well known and 
It is believed that failure to provide proper food has been responsible for 
the universal failure until recently to rear them 

Most cultunsts count themselves lucky if they can rear newly hatched 
mullet fry for longer than a week Israeli cultunsts have been somesvhat 
more successful with fry of the golden gray mullet {Mugil auratus) 
captured from estuanes at weights of 0 2 to 0 5 g Researchers at Dor 
ha\e been able to raise these tiny fry to 2 0 g on a diet of fish flesh and 
fish flour extruded through a plastic plate with tiny perforations Sur 
vival was greatly enhanced by fortifying this diet with algae collecieu 
from mullet ponds Further improvement was achieved by the addition 
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Several males arrd a single female spawn at sea during the coW months 
laving pelagic eggs which hatch within two days The minute, heavily 
piILS iy move into estuaries and coastal tide poo^s in ate winte 
o Tariy spring, to remain there until moving offshore the following fall 
or "nL" Mullet of all ages prefer warm brackish water but as men 

tinned, they are tolerant of a wide range of “”Ls 

Fry feed principally on plankton and are believe p 
and epiphyuc Cylnophyceae F 17 of at least one 
water specL, Mtigii corsula of India, Pakistan, and ^ 

prefer cVpods and small insects Adults of all species 
benthic feeders, consuming algae and vegeta e e ri ’ higher 

dental intake of small animals, which may be 
plants are readily accepted available 

lengths of 50 to 55 cm and weights of 1 2 to if u Kg > t 

of the other speaes are slightly smaller, although 
Pacific region reaches a maximum length o a out 

CULTURE IN ISRAEL 

The most sophisticated use of mullets in fish nd 

Israel, where Mugif cephalus and, to a lesser ' 

Aftigif nuralus are used in polyculture, with 

crop Interest in mullet in Israel began - with 

postulated that production of fish by ij^el at tliat 

fertilization and supplementary feeding. P environment 

time, could be augmented by fuller utilization “f '"e ponu e 

through polyculture A number of gahka and 

only mullet and several species of Tdap , Leauon Today 50% 

Ttlapm nilotica, have thus far found pm , „ together with carp 

of the fish farms in Israel grow mullet an and few guide 

Nevertheless, the practice is still considered experimental, 
lines exist as to proper management Fao""'^ obtained as advanced fry 
Mullet cultured commercially m 1 fertilized ponds to 

from Mediterranean estuaries and reirc Stocking rates are 

the second year, at which time they ^'Cig . stocked at 500 to 800/ 

hy no means standardized, but mullets are usually slockc j^oO 

ha One system successfully used m “^^XrStockir.s timeil so tin. 
rarp 1050 T.lapta mloUca. and 600 ^ , 50 ® days after stock 

the mullet and tilap.a reach marketable size 120 to ) 

tng at the same time as the carp , culture acn t^cll, 

Tilapia have fitted into the Israel. "'.U The, seem 

hut success with mullet has been less i 
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and h.s associates reared 500 Mngii cephalm from the egg ^ 

19 cm As larvae they t^ere housed m two neon lighted concrete t , 
m X 10 m X 2 m deep, with greenhouse tops Food was , 

form of Brachionm, ojster trochophore larvae, and copepods 
from brackish water ponds, supplemented with mixed culture i 
The water was static and never changed, but was aerated 

Large scale breeding and, ultimately, selection of mullets are still 
commercial realities, but it appears almost certain that major tea 
through! in this area are only a few years away IVTien they are matte, 
striped mullet, and perhaps other species, will become the first man 
counterparts o£ such truly domesticated freshwater food fish as t e co 
mon carp and the rainbow trout {Salmo gairdneri) 


MULLET W PRACTICAL FISH CULTURE 
DESIRABLE CHARACTERISTICS 

Mullet now play an important role in fish culture m a number of places* 
notably the Mediterranean and southeast Asia Their populantj is no 
accident, they possess several characteristics desirable in a fish for pon 
culture 

1 High quality of flesh . 

2 Extreme salinit) tolerance, a characteristic particularly desira 
in a fish to be kept in intertidal ponds Stnped mullet have been grown 
at salinities of 0 to 38Jio, in other words, from completely freshwater to 
strong sea water 

3 \Vide temperature tolerance Stnped mullet survive temperatures 

of 3 to 35°C 

4 Low position on the food chain Mullet are herbivores, 
plankton, benthic algae, and, in ponds, decaying higher plants 
thus respond well to inexpensive methods of fertihzation The) a 
readil) accept supplemental foods such as rice bran and peanut mea or 
cake 


SOURCE OF STOCK AND NATURAL HISTORY 

Since they are not )et able to spawn mullets routinely, cultunsts 
take advantage of the natural habits to obtain stock- The natural histor) 
of the stnped mullet, winch applies, with noted exceptions to other spe- 
cies of Mugil, IS as follows 
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separating the two, but for our purposes simply trapping a number of 
fish in a blocked-off estuary and waiting for them to grow will not be 
considered as “culture.” If. however, certain species or individuals are 
selected and stocked in an estuary, or if feeding or fertilization is resorte 
to, it will he considered to be within the scope of this heatise. 

Of the Mediterranean countries, the only one with arge areas 
brackish water which are so exploited as to fall under O” def niMn o 
"culture" is Italy. Some of the Italian “valh, as the J 

are called, produce primarily eels (Angutlla angmlla ' 

garis): but mullet are the principal crop in the most W ™ b. 

located in the lagoon of Venice. Four species are .f 

according to the season. The first species available in the 
capita, 4 of which enter the lagoon as early as ''fd 

chela becomes available. From July to September Mtig.l 
and finally, from October to December the 

species. Mugilcephatus. uncommon, as it Lely 

he taken in the early spnng stocked include eels 

enters waters of less than 20%« salinity, u mirentrarchm 

in the fall and gilthead bream (Sparus a, tram) and 

labra.) in the spring. The latter two species are ° dubious vaU^e, a 
they a e predators and may seriously deplete 

otl/er hauL they bring the highest prices of any fi^fZLsfpIr not 
Mullet and other fish stocked in the valh ^ 
captured by the valli operators into open 

specialized fry fishermen. Fry are usu y 

water, but are placed in a ^eragio accessible 

so located as not to be exposed to the 

to supplies of botli fresh “^nd L 1 enough acdimated to gel along in 
until they are large enough and we 8 afforded 

open water. Mug, I cephalus fry, in p • • 

by the seragio to protect them ^ included on 

winter. A similar series of wTntering ground for slightly larger 

the opposite side of the valle as a wi b b 

. a a "canalc raccoglilorc" located 
Still larger fish may protected from wind and storms, 

along that side of the v.allc whidi P ^ kilometers long. 

The canale raccoglitore is wide, p P^^ protection 

The banks should be lieawly pla njcrva, the canalc raccoglitore 

horn wind. Like the 373„;.cce of freshwater, 

should open into both the valle pr P circondaria," a 

Yet another structure of similar leading to all these 

peripheral canal at least 2 m deep. Sluice gates 
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to occupy 0 n,d,c which overhpt those of both corp and blapia. jnd 
may depress the yields of both these fishes, although the total yield of 
carp-lilapia ponds is usually increased by IS to 357„ if mullet arc a 
Moreoscr, mullet bring a higher price than carp or tilapia, thus m y 
Israeli fish farmers find it advantageous to stock them, esen in tli 
cases where the total yield is depressed In 1900, IIB tons of mulle , 

1 4% of the totil farm fish aop. Avcre liarresicd from ponds in sra 
In 1966, mullet accounted for 430 tons, or 4 G% of llie crop The genera 
trend of mullet production is upward, altliough yields arc poor in some 
)ears, due to low availability of fry 

In 1964, Israeli biologists began to cxj>crimcnt with mullet farming 
in the vicinity of the Dead Sea, where sods arc too alltalinc for agri^ 
culture and waters too saline for conscntional carp culture A senes o 
experiments showed that these areas might be brought into food pro* 
duction by stocking ponds with a satinit) of 36 to 145 %<j with v'arious 
combinations of Mugil cephalus and Ttlapta mlolica Mucli rcsear i 
remains to be done, but the best results thus far obtained were from an 
08ha pond stocked with 50-g mullet at 214/ha and tilapia of the same 
size at 139/ha Carp were also stockctl in this pond but faded to grow 
The total yield of tlic pond at the end of a 109 day growing season was 
1155 kg/ha, of which 512 kg/ha, or 44 3%, was mullet Fish pond stoc 
may also profitably be skewed away from carp and toward mullet where 
dissolved oxygen concentrations arc low, or when it is not economica y 
feasible to feed heavily Thus it appears that, even if breeding of mullets 
in captivity does not become prevalent, their importance in fish culture 
in Israel will continue to increase 


CULTURE IN ITALY 

Methods of culture of mullets similar to those practiced in Israel are 
barely beginning to be developed in other Mediterranean countries, but 
mullet are an important food fish throughout the region The methods 
used in their exploitation vary from place to place, but most take advan 
tage of the tendency of young mullets and other fish to perform annua 
inshore-offshore migrations Shoreward migrating fishes, attracted ^ ^ 
high temperatures, oxygen content, and fertility of shallow, brackis 
waters are attracted to, and frequently spend months in estuaries Many 
Mediterranean estuaries can be totally or partially blocked off to fan i 
tate capture of the fish or, in some cases, to hold them for growth This 
IS done with various degrees of sophistication and in attempting to 
describe the techniques used one is confronted with the question ' Where 
does fishing leave off and fish culture begin’ There is no distinct hne 
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Valle management proceeds roughly as follows Cogolere are removed 
m late February and left oft through m.dAprtl or May Dunng this 
time the sluice gates are left open constantly to take full advantage o 
fry which enter the valle naturally During most of May, the sluice gates 
are left open only at high tide, to fill the valle as full as possible Incom 
mg try are channelled oft into the seragio, where purchased fry or ry 
captured in the lagoon are also stocked (An exception is made tor fry 
of giltliead bream, which are stocked in the valle proper) The natural 
ascLt of fry usually ceases m May. at which time the cogolere are 
reinstalled During the summer, the sluice gates are opened at ugh tide 
as often as necessary to replace water lost by evaporation Salinity is thus 
increased until the temperature begins to fall off in September, at svhich 
time preparations are made for fishing 
First. Sie water level is lowered by evaporation or. if by 

opening the sluice gates at low tide Then the lavoriero is fitted to the 
mam gate A supply of freshwater ,s admitted to the conserva whi* ha 
been Laned and weeded during the summer The P-* 
conserva and the valle proper is then opened and e ^ j 

the infiux of freshwater, try to enter the conserva Nets de igned ^o 
permit the passage of fish too small to be marketed, are 
pass The first fish to respond to the freshwater are 

they are permitted to enter die conserva ^veniua y cebhahts 

mens appear, in this order Mugfl cap, to Mug, I "”/XXct“d 

and mZi saUens Young D,cen„archm labrax are 

by the freshwater Insofar as possible, they are /'““tmg 

special conserva to prevent heavy predation ® ^ proper 

Marketable sized fish may be retained or placed 
to be harvested later by taking advantage of their cy 

against the current , f,de. 

Harvesting is done by opening are harvested on 

particularly at night when tliere is a fu December, by winch 

moonless nights) Such °P=--- “tred Netar^ die open 

time all the fish usually have been captureu iveis p 

waters of the valli only in excepuonal occumstanK 

The sluice gates are usually ><^“>P- ’T^cany d the weadief 
are suspended dunng January and le *7 P 

..™., „..d .. »ii. “ srsSva 

Tliougl, muIlM ar, ,h, P"n',pa ^ ^ „,k« .h, d.lTw 

most valuable, it is tlie number of cels narves 

ence between productive valli and poor on piiiclt less 

Adrniic coast of Italy, lagoon fisliencs. as u Icg/ha of fisfi annu 

elaborate fasli.on than valli, yield an average of -00 kg/n 



298 AQUACULTURE 



Fio 1 Valle used for brackish water fish culture in the lagoon of Venice Italy (After 
de Angelis I960) 


shelter areas may be opened dunng storms or exceptionally cold weather 
The deep fossa circondaria also functions as a shelter dunng very hot 
weather In addition, it serves as a trough to divert muddy water away 
from the valle proper following storms 

Some valli are not as elaborately constructed as just described and 
may not be abundantly supplied with freshwater However, maximum 
effiaency m valle culture depends on skillful manipulation of tempera 
ture and salinity, which can be accomplished only m valli abundantly 
supplied with freshwater and containing shelter areas for large and 
small fish The best valli — those which permit maximum control of 
environmental parameters — are essentially ponds, entirely surrounded 
by earthwork Such valh, including all the 300 to 500 ha structures in 
the Venice area, are often located above the high tide line and connected 
with the sea by long canals, from which brackish water is pumped at high 
tide, creating essentially an artificial tide 

Whether brackish water enters tidally or is pumped in, it does so 
through a senes of sluice gates Tlie mam gate only is equipped with 
a catching device called a ‘ lavonero” amsisting of a senes of V shaped 
screens, open at the apex, which eventually funnel fish leaving the valle 
into a catch pond Secondary gates are provided with similar screens 
called "cogolere,’ which are not open at the apex, to block the escape of 
fish without impeding the flow of water 
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have been a.med at monoculture, though T.lap^a spp , 

Synodonus schall, and Chrysophrys auratus have turned up " ° 

tL harvests Prehmmary results have not been <=ncoura^ng, :n no case 
have yields approached the levels routinely achieved in commercial cul 
tore in Israel In tests conducted at the Mex Fish Fa™ m the U A R , the 

best yield achieved by stocking 22 mm Af«g» cep a mentioned 

kg/ha Total fish production, including the extraneous 
^ 1 XQI This was achieved witli the aid ol dU Kg/na 

previously, was 521 kg/ha This was “c , ^ „ seated with 

of phosphate fertilizer Similar ponds lef , r nonds 

nitrates or manures yielded considerably less The 

at Mex Fish Farms are largely composed of cockle ^ 

It IS possible that the resulting high lime content '"‘f 
action of the fertilizers It is further possible dial 

ing the production of ^ 5 Swingle o! Auburn Uni 

are the primary source of food for mullet H /up„fli,r feeders be 

versity has suggested that ponds used tor “ plankton pro- 

2r,,“Ltr.T “ 

enced no more than 33 3% mortality, suggesting that the P 

less sensitive with regard to handling being tested in the 

Another approach to low intensity mu . bnckish 

Mediterranean basin is the stocking o ““ ® Yiigoslavn. and 

water lakes as Lake Kelbia in ^h community de 

the North Delta Lakes in the U A R me IP 2 to 

ptls on the salinity In Vrana Lake, w im exploited, accounting for 
87«, common carp are the principal p P ^ 

87 0% of the annual fish P™‘^"«‘°" ° Angudla angmlh make 

fish stocked m the lake, account for 8 77o> ,„erease the productivity 

up the remainder Attempts are being '""'ol' ha 

of this lake by lertilizition witli superphosp la 

The North Delta Lakes, which rea* " s”LlaI production 

better suited to a tilapia mullet fishery n 
Of T,lap,a spp vanes from 13G .0 618 kg/ha Mng 
are the only fish stocked, conlnbule 18 to 0-^ “/ 


amount stocked, while eels account for 0 J ' 


e eels account for u i m o - ■'O' 

At present, the only threat to mullet is icn curtailment of 

tcrranein appears to be pollution, svlii 1 , be rcsi>onsi 

>ome plans for brackish w ater fish culture in France 
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ally P^oductl^e valli are more lucrative than lagoon 

since the fish produced are more uniform and because the cu 

time his harrest to coinode witli the periods of greatest demand 


EXPERIMENTAL CULTURE IN OTHER 
MEDITERRANEAN COUNTRIES 

The total brackish water area of the Mediterranean, excluding Albani 
and the African coast west of Egypt, is approximately 10 million 
Most of this water is naturally productive of mullet and other hs es, 
tery little of it has been deseloped for fish culture as has the agoon 
Venice This is in part due to the fact that most of the Mediterranea^^ 
coast does not expenence the extreme tidal variation charactenstic 
the northern Adriatic, and essential for \alle fish culture no 
reason for the lack of development of fish culture in much of the c ^ 
terranean is simply that fisheries have been successful in supplying 
demand for fish in the area Nevertheless mullet culture shou 


developed in preparation for future population increase 
Topography and availability of mullet try would appear to pemn 
valle type culture in Cyprus northern Yugoslavia, and much of Grtece, 
but at present the only area outside of Italy m tlie Mediterranean a«n 
where estuarine fish culture is practiced on a commercial scale ts 
Porto Lago Lagoon in Greece The Porto Lago Lagoon is a 50 ® 

complex comprising fresh, brackish and salt waters The pnnap 
fishery product is common carp, caught in the freshwater portions, 
fry of Mugil cephalus, Mugil chelo, Afugi/ capita, and Mugil saliens are 
collected in brackish water and stocked throughout the area by a fisher 


mens cooperative 

Adoption of more sophisticated brackish water fish culture techniqu^ 
similar to those employed in the lagoon of Venice, has been sugges 
for the Agoulinitsa Lagoon of the western Peloponnesus, presently sl^ 
for reclamation for agricultural purposes a dubious plan at best 
Experimental stocking of mullet, cels, and sole (Solea vulgaris), occasion 
ally augmented by shrimp, is already under way in a number of estuaries 
in the United Arab Republic. 

Efforts are also beginning in Yugoslavia, the United Arab Repu * 
and France to emulate Israeli techniques of pond culture of mullet 
Yugoslavia it is hoped that mullet v%ill be a satisfactory substitute 
tench {Tinea tinea) in polyculture with common carp Tench are m ^ 
high demand in a number of European countries, but they grow ra 
slowly and may compete with oimmon carp more severely than mullet 
Experiments w ith pond culture of mullet in tlie United Arab Repu 
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have been a.med at monoculture, though TUap.a ^PP 

Synodo,^t^s schall, and Chrysophrys auratus have turned up n most 

the harvests Prehm.nary results have not been ^"““«m"rcnl cul 
have yields approached the levels i mT U A R tlie 

ture m Israel In tests conducted at the Mex nsh " >m U A R , Urn 

best yield achieved by stocking 22 mm mentioned 

kg/ha Total ..th the aid of 30 kg/ha 

previously, was 521 kg/ha I h.s was ^„f„„i,,ed or treated with 

of phosphate j ably less The bottoms of the ponds 

nitrates or manures yielded ^ ^ (Cardirim) shells, and 

at Mex Fish Farms are largely composed ot cock t , ' . ,h ,he 
It IS possible that the resulting high lime p;”' „eas 

action of tlie fertilizers It is ,^,p’“l,enthic organisms, which 

mg the production of plankton, shade ^ S„mgle of Auburn Uni 

are the primary source of food or mu H ® be 

versity has suggested that ponds used for culture^ 

fertilized only during the e ^eems worthy of trial in 

duction IS usually at its lowest This leci 4 

Mediterranean waters experiments 

It IS interesting to note \j i cephalus sullcred mor 

in the United Arab Republic tha , smaller scale, experi 

tahties ot 46 2 to 83 4%. Mupl "P''"' ^lat the latter species is 
enced no more than 33 3% mortality, s gg E 

less sensitive with regard to handling being tested in the 

Another approach to low intensity "fr/in'such brackish 

Mediterranean basin is the Yugoslavia, and 

water lakes as Lake Kelbia in gsP community de 

the North Delta Lakes m the ^K«re the silinit) vanes from 2 to 

pends on the salinity I" accounting for 

8;{r, common carp are the P"'’"? ^ ,p^ ;Vf„g,I spp , ,he only 

87 0% of the annual fish pro uc i ^^lule Angiitlla angitilla make 

fish stocked in the lake, account m increase the productivity 

up the remainder Attempts are being 

of this lake by fertihzation vvitb superphosphate at k^g^^ 

The North Delta Lakes, w n hkes, anninl production 

better suited to a iihpn mullet fishc^^ ^ spp, s^hich again 

of Tilapm spp vanes from 136 to *-S/ dcpeiuling on the 

ate the only fish stocked, contribute 18 to b- gl b 

amount stocked, while cels °[ p,!, cries and culture in the Medi 

‘ t present, the only threat o caused the curtailment of 

errancan apyicars to be po u ’ , „ France and may be rcsponsi 

mmc plans tor brackish w atcr fish culture in 7 1 
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IK Producti\e valli are more lucrative than lagoon fisheries, 

,he fisr;„duced are more un.to™ and because .he culturrs. can 
time his harrest to comade with the periods of greatest deman 


experimental culture in other 

MEDITERRANEAN COUNTRIES 


The total brackish water area ol the Mediterranean, 


The total bracKisn water area u.e - ha 

and the African coast west of Egypt, is approximately 10 million 
Most of this water is naturally productive of mullet and other . 
>ery little of it has been deieloped for fish culture as has the 
Venice This is in part due to the fact that most of the Medite 
coast does not experience the extreme tidal variation characteris i 
the northern Adriatic, and essential for valle fish culture 
reason for the lack of deselopment of fish culture in much of t e 
terranean is simply that fisheries have been successful m supplying 
demand for fish in the area Nevertheless mullet culture s ou 


developed in preparation for future population increase 

Topography and availability of mullet fry would appear to p 
valle type culture in Cyprus northern Yugoslavia, and much of ' 

but at present the only area outside of Italy in the Mediterranean 
where estuarine fish culture is practiced on a commercial t- 

Porto Lago Lagoon in Greece The Porto Lago Lagoon is a 5 
complex comprising fresh, brackish, and salt vvaters The 
fishery product is common carp caught m the freshwater portions, 
fry of Mugil cephalus, Mugtl chelo, Afugil capita, and Mugtl sali^tiszT 
collected in brackish water and stocked throughout the area by a 


mens cooperative 

Adoption of more sophisticated brackish water fish culture 


similar to those employed in the lagoon of Venice, has been ^ 

for the Agoulinitsa Lagoon of the western Peloponnesus, presently 
for reclamation for agricultural purposes a dubious plan at 
Experimental stocking of mullet, eeb and sole {Solea vulgaris), occasi 
ally augmented by shrimp, is already under way in a number of estua 


in the United Arab Republic . , ^ 

Efforts are also beginning in Yugoslavia, the United Arab Repu 
and France to emulate Israeli techniques of pond culture of mul et 


iiiques ui jnjiiu 

Yugoslavia it is hoped that mullet will be a satisfactory ®*^^**’*^*j 


tench (Tinea tinea) m polyculture with common carp Tench are m 
high demand in a number of European countries but they ^ 
slowly and may compete with common carp more severely than mu 
Experiments w ith pond culture of mullet in the United Arab Repu 
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salinity of 5% every 4 hours has been shown to prevent mortality of 
1.5- to 4.0-cm fry. 

Fry to be stocked in the state-owned mullet farms m southern India 
are harvested from adjoining swamps by means of manually opermed 
purse nets. Such nets are rectangular, about 12 m X 6 m X 1 m deep. The 
size of the mesh diminishes from 2.5 cm at the mouth to 6 mm at the 
posterior end. In use the net is kept open by two men, one holding each 
of the wings. The top of the net is buoyed with wooden floats about 
60 cm apart, while the bottom is kept flush with tfie substrate by the 
fishermen standing on it. Fry are driven into the net by means o a 
scare line about 30 to CO m long, with palm leaves attached to it. When 
the scare line is brought up to the net, the two fishermen bring the wings 

together and enclose the fry. , t , • 

Brackish water ponds in Bengal and Bangladesh may be stocked by sim- 
ply opening the sluice gates on liiglt tide. In some cases, a itiona empo 
rary gaps may he created in tfie embankment so as to a mit 
Serrate fty rearing enclosures, so common in other forms o'^h culture 

in Asia, are rare in mullet culture in ° a 

brackish water farms near Calcutta young mullet are placed in isolate 

ponds for their first year. . , , r \ r,. n/.ari 

Mullet are generally cultured together with other fishes, 
spot (E(ropii« siiratensis) and milkfish in soi.thern 
(.Lates calLifer) further north and in 

prawns are often stocked in mullet ponds in both r p ^ j . 

thing but intensive, consisting of no more than a small amount of 

ponds are fertile enongl. to^l^Me ^^fiu^ 

rapid growth. Table 1 illustrates 
»mmonly cultured species. An'r“n' ytW 

depending on fertility, „re stocked, or allowed 

Mullet may be harvested in the same yc. 7 

to grow for three years or more. culture, involving chiefiy 

In Hawaii, the ancient ^redeed in lirackish watefs in In- 

Mugil cephalus. were similar to P ,A.n(ercd Hawaiian ponds, tfie 

dia. A number of oilier species inva , p nprinoides), and ten 

most important being milkfisli, tarpon {Megalops cyt j. 

pounder (Elops machnala). _ mmmercial mullet species are Mugil 
In Indonesia, where the I’m'oiP'''' , spawning occurs during the 

iussumieri, Mugil engeli, amt yw' ' ,P| , talers from Octoficr to 
‘t^est monsoon, and fry arc aval a ^ tJ *»,.«, 7 lade with wcII-dcvcIopcd 

April. Females of Mugil ,i„il,ilily of intensive culture 
roehave been found inhuKl* fluggtsl B 
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hive brought mullet culture to its highest development in Asia Mullet 
have always been o£ secondary importance to tbe Chinese 
Esh culture in mainland China although the government of t^ie Peop e s 
Renubbc of China is currently looking into means of better utilizing 
muUets Mullet culture has however, long been of great importance in 

""ZS mdtuTrt'Idimques in Hong Kong evolved from those prac 
ticZin the adjacent legiol of mainland China but taiers in Hong 
Kong early added mullet to the pond ecosystem 

avaifabihty. as well as to take advantage of the hra k.h c ra te o 
local waters Since the communist lesolution in China, suPP'- o^ 
Chinese carp fry hare become - 0 - ^“7Ze 

the impoitance of mullet has “^^Zan was politically united with 

important in Taiwan bu . <=v™ 'vl P reproduce 

China, the difficulty ° a''PP“’S ,he mainland made it 

naturally in the small "vers of J ) 

necessary to substitute locally aval „ ,,^s reduced the 

success m artificially inducmg spawning o Cl . 

severity of this limitation on Taiwanese n „artice 

popular food fish and are “ .^."ent in China, Hong Kong 

The only mullet species culture available in 

and Taiwan is Mug.l "^'“'“Zter Fry are raptured at low tide by the 
coastal waters in late t=i" “nd wi ^,^brella nets with a mesh size 

use of large dip nets or 2 to 4 m q ^ pa,rs of fishermen, 

of 6 mm or less Dip nets “P^^^rhe'nets with their feet 

who wade against the tide a™ o£ an 8 m bamboo 

Umbrella nets are operated from growing ponds without 

pole Captured fry may be JZmfered m special ponds 

acclimation or nursing or tney r ,ong 

and stocked in the spring, at which time y 

and weigh 2 to 4 g each nracticed in Hong Kong One in 

Two types of stocking system P ^arp complex has .already 

which mullet are secondary to tli (Chapter 3) In brackish 

been described under Chinese arp fineerlings per hect,are may 

water ponds, 10,000 to 15,000 75 mm Chinese carp 

be stocked in February to April, a ong mullet may be added in 

fingerlings per hectare Smaller mim er Chinese carps used 

the late spring and again in tlie types of food in the pond 

vary according to the availabili y , -a to 3500/ha whenever they 
(see pp 105-113) The mullet stock is used 

reach individual -weights o£ HO g 
to stock other ponds 
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35 

45(n«a*mium) 

15-19 

25 (mammuni Jti 
niliiirc vilJ 
fiUi attain 
10 cm) 

21-25 

S1-3G 

70 (mucinium) 


entirel) in frcslu^ater or, fiihoR that, iltc Icaubilit) of tfic Israeli meih 
of artificnll) inducing spanning 

Neserihcless most Indonesian fish ctiliurists continue to spcciahtc lo 
common carp or milkfish. ilepcnehng on the salinity of their ' 
Mullet, nhiclj arc to some extent compciuisc nith milkfish, arc usua j 
considered an extraneous fish in brackisli v^atc^ ponds in Jasa o' 
pnnapil fish culture island of Indonesia They arc important, ho" 
cser, in ponds svluch arc in the process of construction or vshich hasc 
weakened dikes Wliilc construction or repair proceeds rather than ris 
the loss of expensisc mtlkfish fry. the cultunsi may let m a stc^ o^ 
’wild fish, Vkiiich usually turn out to l>e mostly Mugtl e^igfh Tota 


annual yield of such operations is 100 to 150 kg/ha , 

Similarly, in the Philippines fisli culturists concentrate on milkfish an ^ 
perforce, Java iilapia (7’i/flpia rnositmifiica) MHiere mullet are utilit 3 
other than an incidental component of tlie pond ecosystem, the intensit) 
of operations is loss, comparable to that in India or Hawaii Annua 
yields average S3G kg/ha A sophisticated polyculture system, bas^ 
Philippine conditions and using mullet, milkfish, and silser carp 
phtbalmichthys mohtnx) as the principal components has been 
but so far as is known, not attempted on a commeraal scale (Table ) 
As IS true in so many forms of fish culture, it is the Chinese people s' 
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rassn,s a.ratus). and Crucan carp (Carassu. 

sun grown .n nee fields, bnt tins pract.ee “ 

creasmg reliance of nee farmers on .nsect.cdes. to wind, mullet 

carp, and 250 grass carp, stocked in early spring „ u„„ 

A -■ ■ rtf "*■ "r— 

500 kg of soybean cake, and 36 kg ot p 
in Table 4 

.X. *«II f FT MILKFISH CHINESE CARP PONDS IN 
TABLE 4 FEEDING SCHEDULE IN MU 

TAIWAN 7 5 

ot nee bran primarily as a fertilizer 

Begin intensive feeding will, nee bran 

As soon as the rainy season begins and supplies o 
e ,mI food begin lo be diminished as a result of 
TdeLS^mg tunny of .be pond, add soybean 
cte m small pieces continue heavy feeding with 

nee bran , , 

Add small amounts of peanut meal to the ration, this 
,s hel.eved to stimulate growdi 


February-April 

May 

June 


July-September 


, at the culturist's discretion Manures 

Fertilization is also practice . ,„rreasinely popular The usual 

may be used, but ‘ gO kg/ha of PsOj- However, 

dose IS 1000 kg/ha, winch amo increase 

production of mullet in expenme jq jgO kg/ha, what would 

m linear fashion with dosages ot Taiwanese 

happen beyond this point is not advantageous to increase the 

mullet growers would find U econo 

dosages of superphosphate ‘ „oduct.on of mullet in Taiwan and 
As one might expect, growth an P Ajian countries, where culture 
Hong Kong are much better ' weights of 0 3 kg after 

meUiods are not so intensive Mripe. for 

1 year of growUi, 1 2 kg at the ^n ^ ^ ^ 2503 g 

3 years, may be grown to 2 0 kg Hong Kong, but yields of up 

in a SOO-day growing season from a p probably achieved, in the most 

to 3500 kg/ha have been claimed, anti p 
intensively managed ponds 
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TABLE 3 FEEDING SCHEDULE IN INTENS1\ELY CULTURED FISH PONDS IN HONG 
KONG, wmi MULLET AS THE PRIMARY CROP 


NUMBER OF 

DAYS AFTER 

STOCKING 

KIND OF FEED 

AVERAGE DAILY 

RATION (KC/IIA) 

1- 10 

_ 

— 

11- 30 

Rice bran 

1 0- 1.5 

31- 60 

Rice bran 

30 

16- 90 

Rice bran 

Peanut cake 

30-50 

20-50 

91-150 

Rice bran. 

Peanut cake 

50- 80 
50-100 

151-210 

Rice bran. 

Peanut cake 

8 0-12 0 
100-160 

211-300 

Rice bran. 

Peanut cake 

120-160 

16 0-24 0 


SOURCE Ling (1966) 


Intensive feeding is carried out in ponds where mullet is the priinsry 
aop, according to tlie schedule given m Table 3 Toul amounts of 
feed required over the 300-day growng period are 2500 hg/ha of 
rice bran and 3000 kg/ha of peanut cake, sometimes supplemented 
with soybean cake Additional small amounts of nee bran and pea 
nut cake, along with human and pig manure, are added every 2 to 
5 days for the purpose of fertilizing the pond, but may also be utihzed 
as food Emphasis on manunng, parucularly with human waste, is de 
dining due to the health problems engendered by the practice in the 
inaeasingly overpopulated area that is Hong Kong 
In Taiwan, where 1,425,217 kg of mullet were produced in 1965 
stocking systems are complex Some mullet are raised in freshwater ponds 
in the foothill regions, where the primary fish crop is the eel Anguilla 
japomca (see Chapter 19), while others occur as a secondary crop lO 
milkfish ponds, along with the shrimps Penaeus carinatus and Meta 
penaeus ensis. but most mullet are raised in the 6000 ha of very nch 
brackish water ponds on the coastal plain For reasons which are partly 
beyond the fish culiurists control, Java tilapia are increasingly the 
pnmary component of the harvest in some of the most fertile ponds In 
the Tainan and Kaohsiung areas, tilapia account for 50% of the crop, 
mullet for 12%, and silver carp for 10% Other speaes stocked m mullet 
ponds m Taman Kaohsiung and elsewhere in Taiwan include eels 
milkfish, big head, grass carp, mud carp common carp, goldfish (Co 
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m fertilized ponds used for experimental monoculture of striped mullet 
at Marineland Laboratories, Marineland, Florida 

Hieher yields of mullet were obtained, albeit inadvertently, at h 
Florida Board of Conservation Marine Laboratory in t ® ^ 

The body of water involved was an oblong 5 6 ha brackish water p , 
averagmg T? m deep, originally intended for experimental culture o 
pompano (Trachtnotus carolimts) (see Chapter ^ or 
which were stocked and fed on ground trash Hsh The yi d « P°m^ano 
was disappointing, but the yield of extraneous f svas ugh S.l«r 
mullet (Afugil ciirema) and striped mullet constitute J ^ 

■.K 

Mullet culture is not developed at all in tne rema nrotem 

hemisphere, although its potential lor aBeviating ^e sermus protein 

problems of Latin America is obvious The Zem 

Uica except that experiments in brackish water Zich ^ 

begun in 1962 on the Island of Buguma in the grandtsauamts 

cephalus, at least, carries a nulce {rteier p y .!,«., TH he oossible to 

mL Under truly intensive culture conditions it should be possible 

control this parasite conclude that even 

Looking at all aspects o mu controlled breeding the 

if It does not become possible to used Israel Ha 

spread of the best techniques ^ J increase the importance of 

wail Taiwan and Hong Kong wo gr inevitable, researchers 

mullet as a source of food ™“ uing and rearing Mug.I spp on a 
succeed m unlocking the secrets of p 5 important human food 
large scale mullet could well become the most imp 
product of tlie estuarine environment 
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PROSPECTUS 

Mullet are mainly tropical and subtropical fishes, but a few species ha^e 
ranges which extend well into the temperate 2 ones, and interest in their 
culture m temperate climates is increasing Culture of striped mul et 
IS occurring on a small scale in Japan, and the pioneer British fis 
culturist C F Hickling is seeking ways to cultivate the thick lipped mullet 
(Crenomugif fabrojui), in the United Kingdom Little is known about the 
thick lipped mullet, which ranges as far north as Plyinoulh in Englan , 
but It has the broad salinity tolerance and predominantly herbisorous 
food habits whicli have made Mugtl spp so popular with fish cultunsts 
Ripe female thick lipped mullet are found oil England from fall through 
early spring, but the time of spawning is not known Hickhng plans w 
conduct experiments with artificially induong spaivning of thick hppeu 
mullet by the methods which have been so successful with Mugtl cephalus 
Tlie potential of mullet culture in tlie United Kingdom is great, for 
there are no cultured seafood products which meet with wide acceptance 
in that country today Carp are not popular and trout are stnctly a 
luxury Item, but mullet are both well liked by British consumers and 
potentially capable of being produced in large volume at low cost 

Biologists in the Soviet Union are having considerable success with 
artificially induced spawning of M cephalus which, along with Mugtl 
auratus and Mugtl saliens, is important in both fisheries and fish culture 
in the Black Sea the Caspian Sea, and the Sea of Azov 

There are still large areas of warm water where mullet culture, while 
not practiced on a commercial scale today, is potentially feasible, and 
some experimental culture is occurring For example m 1969, M 
emulated its Mediterranean neighbors by inaugurating the culture of 
Mugtl capttOj Mugtl cephalus, and Mugtl oltgolepts in the brackish water 
lake of Abbu Dibis 

Encouraging results have been achieved with little effort, in the culture 
of mullet in the southeastern United States, but prospects for future 
development of commercial mullet culture are not bnght, since mullet 
are not normally regarded as food fisli in the United States, with the 
exception of Hawaii Their aquacultural potential is shown by resul^ 
obtained m South Carolina and Flonda An 06-ha brackish water pond, 
1 to 2 m deep at Bears Bluff Laboratories, Wadmalaw Island, South 
Carolina slocked by natural processes and virtually unmanaged, yielded 
85 to 227 kg/ha of fish, of which 47 5 to 74 2% were Mugtl cephalus, 
dunng five 6- to 13 month growing seasons Similar yields were obtaine 
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rot the fishes best suited for culture 
The milkfish (Chanos chanos) is on curyhalinc. disease 

in brackish water ponds. In at > to mowing rapidly, it feeds near 

resistant, of high quality as a food ns , o ^ amounts of 

the bottom of the food chain, mostly on b 
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colonial government began to reps P j ^ ^ meth- 

aquaculture in the coastal repons has more than dounie 
ol nsed in milkhsh culture have remained rather primitive. 

FRY COLLECTION INDUSTRY 

In Java, some fry may be but this is not an 

merely opening the 6=““ ° so „, 05 t milkfish farmers 

adequate means o£ obtaining stock r dealers. The chief 

there, as elsewhere in Indonesia, pur ^ of Madura, 

fry collecting areas are the north s or ^f J these areas 

Postlarvae and juveniles 15 to 25 . ® ber to December. October 

from March to May and again fr ^ ,v,c in addition to seasonal 
and November are the best of 

variations there are definite lunar P . during 

milkfish try: the best collections are oping sandy beaches 

full and new moons. Preferred locations bottoms, since 

with dear water. Collections are never made over y 
the turbid water usual in such repons obscures iry 
reason, collectors prefer calm water. , f™rable collecting sites. 

The mouths of tidal creeks are bem L often seek cover, 

as are the leeward sides of bars, an s , ^^jjectors may lure try by 
Where there is no naturally occurri g beach. A more common 

constructing low rock walls at ng t "blabar.” A blabar consists 

and convenient form of artifici^ coyer i s„gar cane, or 

of a long palm fiber ^ope jv^h stnpsj^ a way that long garlands 
banana leaves or grasses plaitea i A/rnkfish fry may be attracted 

about 10 to 20 cm in diameter are * ,e7 to tiie beach, but 

to blabars simply floated on the sur ace ^ployed. One end of the 

where fry are few a different tec niq beach, and 20 m or so, 

blabar is tied to a wooden post wde circle near shore. When 

held by a fisherman, are Pj"^ ssherman slowly narrows the circle 

fry are observed under the „ntral space. 

until the fry are concentrated in mnsisting of no more than a 

The actual collecting gear is f of the sea. Good col- 

net of coarse fabric, with which ^ ^ fishermen standing in rows 

lections may also be made on ebb uues oy 

across creek mouths. _ .nsferred to earthenware jars. Ac- 

Captured fry are ^‘bj^n at this stage, as some collec- 

dimatization to brackish water ^ y ^ parts of fresh water, 

tors dilute the sea water in the jars invertebrates. The milk- 

Such dilution also serves to kill . ,ber fishes, an operation 

fish fry must, however, still be separated from 
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milkEsh can be supported tn a resmcted area. M.lkfish 
warm offshore waters ot the Red Sea. the Indian Ocean from East Ataa 
to southern Austral.a, and the Paafic Ocean from southjn “ 

Australia on the west and San Franasco Bay to southern hfexico on he 
east Despite their many desirable qualities, wide distribution, an 
fact that adults are difficult to hatrest by comentional fishing methoas. 
milkfish are cultured on a large scale only in Indonesia, the 
and Taiwan Small-scale or expenmcnul culture occurs in a few o 
Asian countries and m Hawaii 


14ATVRAL HISTORY 

Milkfish spawn annually or biannually in the sea near the coast in about 
25 m of water Each female broadcasts up to 5 million pelagic egg^ 
which hatch m about 24 hours The larvae seek out dear coastal an 
estuanne waters at least 23®C in temperature, with 10 to Vl%o salinity 
and an abundance of phytoplankton On occasion they may ascend into 
freshwater lakes After about a year of inshore life the young, by ^ 
about 20 cm long and 200 g in weight, move out to sea, to mature 
the sixth year of life Adults, which feed on both phytoplankton an 
zooplankton, reach weights of up to 20 kg 


BASIC CULTURE METHODS 

Though milkfish may attain lengths of up to 1 m in ponds, they do not 
mature sexually in confined waters and it has not thus far been possible, 
even by means of pituitary injections, to spawn the speaes in capti'aty 
Culture thus remains dependent on fry captured in coastal and estuanne 
waters Certain areas are fortuitously located for fry collection, and lo- 
calized fry industries have developed m all three of the major milkfish 
produang countnes Fry are aedimauzed to brackish w-ater or freshwater 
and reared to market size in a senes of ponds Supplementary feeding ** 
sometimes practiced, but the pnmary source of nutntion for all ag® ^ 
culture IS a complex of benthic algae, protozoa, and detntus encouraged 
by speaalized pond management techniques, particularly ferulization- 


MILKFISH culture in INDONESIA 

Milkfish culture probably onginated in Indonesia, where fish farming in 
saltwater ponds dates back at least to 1400 Since 1821, when the Dut 
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More than a little art is involved in supplying fry of high quality, and 
some dealers are more successful than others Their methods are „nto 
standably not publicized, ^ 

densities and special diets All other tilings oeiiig 4 , 

milkfish culturists prefer fi 7 captured nearby to those 
transported long distances Try collected in the 

season are believed to be of higher quality ,,, 

hfav but since the annual demand for fry is 20 million all live fry 
may, oiii since , t , ,, nil umes some fry dealers mam 

salable Since there is demand for fry at “H “■««. som f 
tain stocks temporarily stunted by minimal feeding for year round sale 

CONSTRUCTION AND OPERATION OF TAMBAKS 

Milkfish culture in Indonesia is centered on the island ^h^sea^ 

the culture ponds, or ^ “olo km Horn salt water Most 

except in East Java wher y ^ streams, canals, and 

receive water from the sea, not diiec y- Freshwater also 

ditches, 59% are ’T mmy'^Ln, with the result 

enters the tambaks, particularly during y ofiOC!;. 

that the range of reported “ of Madura in connection 

Tambaks may have J ^re constructed specifically 

with an ancient salt industry, but n ^ ^ swamps Milkfish 

for aquaculture by dealing from the sale of firewood 

culturists may derive supplement ^7 constructed on 

obtained in the clearing process between mangrove 

emerging coastlines and represen „^^ortheIess necessary to guard 

swamps and agricultural ^ ^^ngroves along the ponds is 

against erosion, so a dense plant harvested for firewood, 

encouraged Such trees may also p ^,^ 1 . ,a,rihaks 

and leaves and twigs are routed that salinity averages 10 to 

Ideally, a tambak should be „a,ntenance, the bottom of the 

35%„ For ease in drainage and g f^,^ 

tambak should be just s'‘S''''y , drophihc, and biologicallj active 

milkfish culture are soft, jellyli y F of ^jay Such mud, 

muds containing about 4% ’'""’“ 0^0 swamps encourages the blue 

which fortunately is usual m and discourages green algae 

green algae preferred as food by ^ associated with the 

which are not only less digestible y ^nance of a gentle current 

malana carrying Anopheles ’"“I ‘ .„oive to development of a suitable 
or osallation in water level is also 

algal flora ™„s,Hprablv In us simplest form, as 

The structure of tambaks vanes consideraOl) 





PtATF 1 Catctung milkfish fry on the coast o( East Java {Courtesy Serenff, pholograp 
by R U D Sterling) 


requiring considerable sViU and experience. Cbaractcnstics'used in iden- 
tification include two black spots on the head, anotlier in the center of 
the body and characteristic movements. Fry may be sold on the beacli 
to peddlers or taken to the storage houses of fry dealers 
Flat, water-tight l5-iiter baskets made of imerwo\en strips of bamboo 
coated on the inside with cement or tar arc used for long-distance trans- 
port of fry. Methods used in keeping fry in good condition during trans- 
port vary widely among dealers Generally, the baskets arc filled with 
dilute sea water to a depth of a few centimeters and fry are stocked in 
densities varying with the length of the journey, but averaging 20,000 to 
40,000/basket. No artificial aeration is used, but the water is changed 
every other day. When traveling away from the sea, salinity is maintained 
by adding unrefined sea salt in amounts determined by taste. On long 
journeys and during storage the fry are fed on rice flour, which may be 
slightly roasted, or finely mashed hard boiled egg yolk 

Fry may pass through several middlemen on their way to the farmer 
and must be counted each lime they diange hands. This is usually done 
by individually counting a sample lot, then proceeding on the basis of 
volume. 
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1 t 1 a ‘ rnW ” rollowinc suclclcn chills, milk 
to afflict milkPish is described as develop a milky discolora 

fish may become lethargic, cease to e , 

tion of the skin which f ^,„bably increased vul 

seldom fatal but does lesult in weight loss and pr y 

nerabihty to predators problems but can 

Predatory fishes, crabs, and . J ^ 3„d by occasional dram 

be controlled by ,5 done up to foui times a year, not 

ing of the tambaks In east Ja . fertihtv of the tambak and 

only to control predators but to increase the fertility 

to harvest juvenile prawns for culture ceutludea, which has been 

A common pest in tambak I _ cenHudea is reputed to compete 
observed at densities of up to / / calcium content of tambak 

for food with on Fertihration with molasses has 

water in the process of shell bnt tins is uneconomic and 

been recommended as a contro j^joe green algae, avliich 

functions only by P™'""""® In tarabaks whicli are properly man 
should be abundant in any blooms Centlndea populations 

aged so as to maintain blue green b polycliaete worm 

seldom reach problematical ^ causes tambak soils to become 

Eunice, which by its burrowi g j.g„,cdial measures have been de 
excessively porous No preven _,nir with teaseed cake is effective 

vised specifically for £.mice, but pmsonmg 

in control of the related Nereis in • , problems wliicli beset 

Despite the lack of the Sfish farmers generally ex 

many other fish j,<,clc Normally 20 to 507„ of the 

penence poor survivail of Chinese culumsts, who are generally 

stocked are harvested, but some jjauve Javanese fanners, achieve 

more skilled and meticulous t an chief causes of mortality are 

60 to 807o survival So far as is jjecay of organic detritus 

increasing salinity and po u i above, will control the latter, 

Proper tambak management, as occasional draining and/or flushing 
while salinity may be held own 

of tambaks with freshwater weichts of 1 to 3 kg, but most are 

Milkfish are occasionally reauired to reach this size depends 

harvested at 300 to 800 g ® location of the tambak 

on the skill of the culturist, u yield three crops a year, ivhereas 

Porrong type tambaks are required for groi\th to marketable 

in inland tambaks up to 1 nio 

size . ufisli culture in freshwater, whicli may 

Around 1952 a new system of im salinity, was developed in 

have application in inland shallow production ponds 

central Java Fry are stocked directly 




requiring considerable skill and experience Characlenstics used in i 
tification include two black spots on the head, another in the center o 
the bod) and characteristic movements Fry may be sold on the 
to peddlers or taken to the storage houses of fry dealers. 

Flat, Vkater tight 15-hter baskets made of iniervsoven strips of bam 
coated on the inside with cement or tar are used for long-distance trans- 
port of fry. Methods used in keeping fry in good condition dunng 
port vary vsidely among dealers Generally, the baskets are filled wt 
dilute sea water to a depth of a few centimeters and fry are 
densities varying with the length of the journey, but averaging 20,000 
40,000/basket. No artificial aeration is used, but the water is , 

every other day When traveling away from the sea, salinity is maintain 
by adding unrefined sea salt in amounts determined by taste. On o^ 
journeys and during storage the fry are fed on rice flour, which may 
slightly roasted, or finely mashed hard boiled egg yolk. 

Fry may pass through several middlemen on their way to the fa^^ 
and must be counted each time they change hands. This is usually , " ^ 
by individually counting a sample lot, then proceeding on the basis o 
volume. 
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Fig 2 



Scale 1 2,000 
Improved porrong type tambak 


(Indonesia) (After Schuster IM9) 


NURSING FRY AND EARLY FINGERLINCS 

, lived for fry and early fingerlings should 

The depth o£ the compartments us j tl, tut water less 

be less than 10 cm Older fish are adaptable as 

than 30 cm deep is most l,ank should be steep to discour 

In ponds of low salinity the tambahs vary from 24 0 to 

age rooted plants Water tempera 

58 5»C, pH varies from 7 1 “J ® ..ocking is to dram the fry compart 
The first step in prepanng fo H bottom soil is dry it 

ments and dry them for a wee rakintr ^Vet, foul smelling spots 

IS loosened and leveled by ti ^ecay and the production of 

are treated with hme to prevent a usually suffiaent to kill 

hydrogen sulfide Drying, til growth of blue green algae 

potentnl predators and Manuring is usually not carried out in 

islien the compartment is iuieu 
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Fic 1 Taman type umbak (Indoncua) (Alicr Schuster 1949 ) 


found m VkCst and central Java a lambak consists of a rectangular 0 5* to 
3 0 ha pond 03 to 07 m deep vnth a small vsooden or bamboo sluice 
gate to regulate the inflow and outflow of water The high ndges of soi 
frequently observed in the center of such tambaks ha\e no function 
other than saving the trouble of carrying excasated mud to the emban 
ment 

In east Java tambaks are larger and more complex and have more 
elaborate sluice gates The structure of the gates is partly a reflection of 
the higher degree of sophistication of milkfish culture in east Jasa than 
elsesshere in Indonesia but heasier gates would be needed in an) e>ent 
to cope with the higher tides m that region Since concrete construe 
tion IS not feasible in the soft swamp soils the gates are made of teak 
wood 

Tambaks constructed on elevated sites in east Java are of the Taman 
type (Fig 1) The division pond (A) is ojnnected to the mam sluice gate 
and through a system of secondary gates to the fry pond (C) and produc 
tion ponds (B) so that each can be individually drained and filled 
During the dry season such tambaks may partially dry up and fish roust 
be kept in the ditches (D) 

The most advanced tambak design is the Poirong type used in coastal 
east Java (Fig 2) As in the Taman type each compartment can be mdi 
vidually drained but the division pond is larger, drainage is more 
effiaent and a 100- to 1000 in* nursery pond (D) is added Some Porrong 
t)pe tambaks may be even more complex than the one illustrated com 
pnsing up to 10 compartments A further refinement is the inclusion of 
shallow baby boxes 1 6 X 1 8 in in which nev\ly acquired fry ma) 
placed for the first few days Overall size of Porrong type tambaks averages 
7 6 ha but may teach 30 ha. 
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. j ” rnllowmc sudden dulls, mill^ 

s™ ™' 

nerability to predators nresent some problems but can 

Predatory fishes, crabs, and so o , P by occasional dram 

be controlled by adequate „p jo four times a year, not 

mg of the tambahs In east Java, fertility of the tambak and 

only to control predators but to increase the y 

to harvest juvenile prawns for culture which has been 

A common pest in ^ g, . centhidea is reputed to compete 

observed at densities of up to 700/ „£ tambak 

for food with milkfish and may P pg„ti,zauon with molasses has 
water in the process of shell or ‘ ,5 uneconomic and 

been recommended as a of bine green algae which 

functions only by promoting tnbaks which are propeily man 

should be abundant in any event ri Centhidea populations 

aged so as to maintain Wue^en polychaete worm 

seldom reach problematical 1 j causes tambak soils to become 

Eunice, which by its burrowing actiaa ^ measures have been de 

excessively porous No witli teaseed cake is effective 

vised specifically tor Eunice, but pmsomng 

m control of the related Ncrcu in Taiw.^^^ beset 

Despite the lack of the milkfish farmers generally ex 

many other fish A Normally 20 to 50% of the ^ 

perience poor survival oE t leir culturists, who are genera y 

stocked are harvested, but some C j„,„ese farmers, achieve 

more skilled and meticulous “■an (,f mortality are 

60 to 80% survival So far as is n ■ of organic detritus 

increasing salinity and P°”‘-‘‘°""X| ,bove. will control the latter, 
Proper tambak management, as ^mnal draining and/or nushing 

while salinity may be held down by occas 

of tambaks with freshwater weights of 1 to 3 kg, but most are 

Milkfish are occasionally grow ,^^oli this size depends 

harvested at 300 to 800 g The 1 ,be location of the tambak 

on the skill of the ciilturist, but ^s ^ bereas 

Porrong type tambaks ■■■ required for growth to mar eta 

in inland tambaks up to 10 

size , n fisli culture m freshwater, w uc i 

Around 1952 anew systemofm fil j^bnity, was deiclopcd m 

base application in inland mto shallow production ponds 

central Java Fry are stocked d.recu, 
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nursery ponds, for a sudden die-off of the resulting heavy algal bloom 
might lead to heavy mortality of tlie fry (Nursery ponds are manured in 
Taiwan, but perhaps algal blooms are less of a problem m that country’s 
temperate climate) As a final step, large palm leaves may be stuck m the 
banks around the perimeter to provide shade for the fry 

Stocking of nurseries is earned out m the cool hours of early morning 
or evening Temperature and salinity in the fry container are equalled 
with conditions in the tambak by immersing the container in (he tambak 
and periodically replaang a small portion of the water with tambak water 
Fry are stocked at densities of up to fiS/m^ 

Fry in baby boxes may be fed mashed hard boiled egg yolk, wheat 
starch, or fine nee bran Older fry usually subsist on naturally occurring 
phytoplankton, but their diet may be supplemented with nee bran fed 
once or twice a day Except for occasional feeding, management of nur 
series is usually limited to changing the water twice a month on high tides 
The fry are considered ready for transfer to rearing ponds when the 
food supply in the nursery begins to be depleted, usually after about SO 
days, at winch time the fry are 5 to 7 cm long and weigh 1 4 to 3 7 g 

CROWING FOR MARKET 

Production ponds are stocked at a maximum of 600 kg/ha (2000 to 10,000 
fingerhngs/ha) Preparation for slocking is similar to that practiced in 
nurseries, but manuring at about 2000 kg/ha is also carried out Green 
manures only are used, as motganic fertilizers have not been found useful 
The usual fertilizer is mangrove (Avtcennia) leaves and twigs of which 
are readily available, but occasionally nee straw is used Although after 
milkfish pass 20 cm in length they become progressively more capable 
of consuming such comparatively tough foods as green algae and higher 
plants, blue-green algae are encouraged in rearmg pcwvis, as. vteU as. 
nurseries The bottom of a well managed production pond will be cov 
ered by a thick mat of such blue green algae as Oscillaloria, Lyngbya, 
Pbormultum, Spirulina, Microcoteus, Chroococcus, and Gomphosphaena, 
as vsell as diatoms, including Navtcuta, Pleurosigma, Nastoglota, Stau 
ronets. Amphora, Nituchia, and Gyrosigma These constitute the main 
food of cultured milkfish, but other components of the benthic flora and 
fauna are also ingested, and filamentous green algae and higher plants 
may be eaten, particularly if they have been softened by decay Supple 
raentary feeding is not necessary m good ponds but may be earned out 
using nee bran, wheat starch, and various kinds of oil cakes 

Cultured milkfish are remarkably free of parasites and hardly any of 
tliose which have been recorded are pathogenic The only disease known 
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,o afflict nulkBsh ts descnbed a. a “cold” rollowtng ^“^den ch.^ ^ 
fish may become lethargtc, cease to f“d -d develop a m. 
non oE the sk.n wh.ch disappears after 2 to 3 days The 
seldom fatal but does result in weight loss and probably increased 

be controlled by adequate screens on sluicegates and by 

mg of the tambaks In east Java, tins is done up o ^ " 

only to control predators but to increase the fertility of the tambak and 

to harvest juvenile prawns for culture „ ,„i,,rh Ins been 

A common pest in tambaks is the snail CcutMdea, which has been 

^ t . *700 im" CpTilhidcu IS reputed to compete 

obsei-ved at densities of up to 700/m- Centniaea y r 

for food with milkfish and may deplete the calcium 

water in the p.ocess of ^>-.1 ~onJer^^ 

ffln^onroX^y f 

should be abundant in a^y e«n. Cenifi.dea populations 

sriat p”sr. “s: 

b, z..™ b.™ b«. ... 

”2.Z“L” ■""> 

“eCe le^'acfof .!I'XJa"e\"n'rparas.te problems which beset 
mauy'Ier fish cultunsts, Indonesian milkfish - 

perience poor survival of their °™i J^^sts who are generally 

stocked are harvested, but ^ Javanese farmers achieve 

more sliilled and meticulous than the J mnmlitv are 

60 to 80% survival So far as is known, the chief 

increasing salinity and P°"““°jJJ,'^^ovrvv.ll comrol the latter. 

Proper tambak management, as dcscriD nTvr-i /^r nii<liintr 

wliih salinity may be held down by occasional draining and/or finslung 
of tambaks with freshwater of 1 to 3 kg but most are 

ha” required to reach this sue depends 

on the skill of the cullur.st, but also on the location of the tambak. 

central Java Fry are stocked directly into shallow production ponds 
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2500 m® or less in area The ponds contain dilute sewage, the concentra 
non of which is gradually increased until a bloom of blue green algae 
and diatoms appears In this enriched environment a 3 month rotation 
system can be used and annual yields of 5000 Itg/ha are not uncommon 
The average yield of conventional milkfish culture in Indonesia has 
been variously estimated at from 50 to 500 kg/ha. The discrepancy in 
figures IS m part due to variations in soil type, as some tambaks are 
constructed over stenie substrates of senile latentic soil or e\en sand 

POLYCULTURE 

Milkfish culture in Indonesia is essentially a monoculture system, and 
other speaes are not intentionally introduced, but the nature of the 
tambaks insures that some extraneous organisms will find their way in 
Some of these may be chiefly detrimental by competing with or preying 
on the milkfish, but other extraneous speaes may be harvested and sold, 
notably Java ulapia (T tlapta mossambica) tarpon {Megalops cyprinotdes), 
ten pounder {Elops hawatensts) sindo {Mugil engelt), cock up (Lales 
calcanfer), and erong-erong {Therapon jarbua and Therapon theraps) 
Total yield of extraneous fishes is usually about 16 to 35 kg/(ha)(year), 
but in tambaks m the early stages of construction or m those with weak 
dikes wild fish may be encouraged and 100 to 150 kg/(ha)(year) of 
mixed fish, chiefly Mugtl engelt, harvested 
Of greater importance are vanous species of crustaceans In particular, 
Penaeid shrimps, including the Indian pravtn {Penaeus indtcus), the 
green tiger prawn {Penaeus senttsulcalus) the yellow prawn {Metapenaeus 
brevtcomts) and Metapenaeus ensts, are encouraged Tlie methods of 
trapping and harvesting prawns are essentially the same as those practiced 
in Malaysia (see pp 592-593) Yields vary from 25 to 400 kg/(ha){year) 
Other crustaceans of commeroa] importance include crabs (Scylla serrata) 
primitive Mysid shrimps or rebon,’ and ‘ djembret,' a mixture of small 
and larval decapods augmented by fish larvae An average of 15 to 30 
^g/(ha)(>ear) of rebon and djembret are harvested from coastal tambaks 
and cured by partial drying and bacterial action to produce a paste 
called trassi, highly valued as a Ravonng ingredient in Javanese 
cookery 

In practice only 707^ of the income of a typical Javanese milkfish 
monoculture operation is derived from sale of milkfish Prawns account 
for 20%, extraneous fish for 5% and by products (rebon, djembret, crabs 
mangrove wood, vegetables planted on the dikes, etc.) for the remain 

mg 5%, 

Intentional poljculture is practiced in the region of the Bengawan 
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Solo River, where 6000 ha of tambats are of such low salinity to 
8%o) as to be essentially freshwater ponds. There mdlcfish are someumes 
cultured together with tawes {Barbus gomonotus). ' 

stitute the main crop, but some ponds contain up to 75% 
pending on the demand tor the two species and the availability of 
suitable food. Where Blamentous green algae and higliCT aquatic planu 
are abundant, it is wise to stock lai^e numbers of tawes. Not only do they 
thrive on such food, but partly digested plant remains in thmr feces 
provide both a source of food for tlie milklish and fertilizer for blue- 
green algae. 


HARVEST AND PROCESSING 

Milkfish are most easily harvested in tambaks where strong tidal cumnts 
occur. At high tide they tend to congregate near the sluice gate and can 
be netted easily. Where tidal inHuence is not strong, tambaks may be 

drained for harvesting, or cast nets may be employe . crmil 

MilkRsh is an important food for all economic f ^ 
farmers auction most of their aop as fresh fis in 
operators usually work through middlemen an ice i P 

ment throughout the country. Sometimes a larp dealer will offer a flat 

rate for the entire crop of a small farmer s tarn a market 

In addition to being sold fresh and iced, milkfish are cu ed for ma ke 
by boiling in brine or by smoking. Boiling, 

in remote areas where ice is not available, yields an by- 

product. The evaporate of the brine after boiling is a paste known as 
"petis," which is sold as a flavoring ingredient. Smoked milkfish p 
cipally a luxury food enjoyed by well-to-do Indonesians. 

yields, production, and prospectus 

Although recent data are difficult to obtain from Indonesian sources. 
150,000 to 200.000 ha of tambaks are believed to be under “hivatton, 
chiefly in Java, but also in Madura. Celebes, Sumbawa, and northern 
Sumala. iotal annual production of milkfish is estimated at 65,000 

"'Tppliradon of more sophisticated methods of milklish ^Iture, sudi 
as tlime practiced in Taiwan, would undoubtedly prove benefiaa I n 
Indonesia. This would involve financtal assistance to tambak opera , 
establishment of research stations and, particularly, propaganda and 

demonstrations aimed at the milkfish farmers, w lo uc t le mos par ar 

very conservative about adopting new metliods. At present, canals and 
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sluice installations on most East Javanese tambak complexes lia\e silted 
m and othensise fallen into disrepair, thus relnbditaiion must precede or 
accompany improvements and adoption of jiossible innovations 

Inaeasing the area under cultivation is also possible, especially since 
very many tambaks incorporate large areas of unproductive sliallovs water 
It IS estimated that excavating such areas could provide 14,000 ha of 
additional productive water in Java 

Opportunities for constructing new tambaks in Java are limited, be 
cause there are only about 10,000 ha of uncxploited coastal swTimps 
remaining on the island In Indonesia as a whole, hovvever, tliere arc 
an estimated 6 million ha of mangrove swamps, some of which could 
be developed into tambaks Construction of tambaks in much of this 
area may be retarded by inaccessibility and the consequent high cost 
of labor Mechanization is not the answer, even if it were possible to 
have the necessary equipment on the spot, since heav7 machinery is 
virtually useless in hydrophilic mud Nevertheless, ways of expanding 
tambak aquaculture should be sought, if as little as 5% of the undevcl 
oped areas were brought under cultivation, tlic milkfish production of 
Indonesia could be nearly tripled with no improvement whatsoever in 
culture techniques 


MILKFISH CULTURE IN THE PHILIPPINES 

FRY COLLECTION 

The milkfish fry industry m the Philippines differs from that in Indo- 
nesia m that most fry are raised to fingerhng size (5 to 10 cm) before 
sale to market growers Fry are available for collection in Luzon from 
March to August, with a peak in abundance during May and June De 
pending on the circumstances of collection capture may be accomplished 
by means of nets or traps 

Dip nets are most efficient at the peak of the season and wherever fry 
are highly concentrated, as in narrow tidal streams A variety of dip net 
known as a scissor net is particularly effective on level shores The net 
proper is tnangular in shape, but only two sides have rigid frames, the 
third side is reinforced with rope The poles which form the rigid sides 
are extended to form handles Where they cross they can be rotated on 
each other like a pair of sassors, so that the angle between them, and 
thus the width and tauiness of the net, can be altered 'Where fry are dis- 
persed, or m the mouths of large nvers, unweighted seines 1 to 5 m long 
and 1 to 1 3 m deep are employed 
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At the mouths of tidal streams too large for effiaent use of ^ip ne - 
funnel-shaped traps made of bamboo or woven palm leaves may be set 
facing upstream in about 1 m of water. Such traps are 2 to 5 m ong 
3 to 5 m wide at the mouth, and taper to about 30 cm at the rear whe 
a fine mesh net 0.6 m tvide and 1.5 m long, spread and floated by mear^ 
of two parallel bamboo poles, is attached. Traps, which may be p ace 
close together so as to completely block off a stream mouth, are anchored 
to bamboo or wooden poles driven into the ^ 

ate attached to the poles in such a manner that t ley oa an 

and fall with the tide. . m ia Tr«m 

Fry collected in the Philippines are usually on'y “^out 10 to 13 mm 
long, slender, and so transparent they are nearly invisible. For this reason 
milkfish fry are usually separated from extraneous animals not visually 

but by sieving through 1. 5-mm mesh. , , .t. • 

Sorted fry are transported in 15- to 30-liter unglazed earthen jars stocked 
at a rate of about 100 try/liter. If they are to be taken 
is gradually reduced by dilution to facilitate changing o w • 

It is believed beneficial to keep try in darkness during ° ^ 

jars are covered. Fry are capable of surviving for up to wo s . 
food, and transportation is usually arranged so as to and 

will reach the nurseries svithin that time. Young ry are v ry g 
careless handling may result in mass mortality. 'mo? 

signmenis reach their destination with losses of on y o /q. 


rearing fry in nurseries 

Nurseries are of various sizes, usually accounting for about 1% of the 
total water area of those farms which incorporate nurseries and produc- 
tion ponds. Individual ponds are small (500 to 5000 m-), rectangular, 
and laid out in a regular pattern to facilitate management Each of a 
pair of growing ponds is separated by a gate from a single 20- to 50-m- 
catching pond As mentioned, most fry are raised to fingerl.ng size by 
specialists In the minority of farms where both fry nursing and growing 
for market are carried out. ponds divided into compartments, similar to 
Indonesian tambaks, may be used. 

The success of a milkfisli nursery is in barge part dependent on projier 
site selection. The requirements for a nursery site include: 

1. An adequate yc.ir-roiind supply of clean brackish walcr. 

2. Location such that ponds can easily be drained. 

3. Fertile soil containing large amounts of clay. 

•I. Frectlom from floods. 
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5 Accessjbiht) lo fry fwhmg grounds 

6 Proxjmily lo nultfish farmers svho s*j 11 buy fry 

Areas freeof s(^etation are preferred lo tlnckly voodcti regions, sshicli 
are expensisc to clear On the other hand, sucli areas do not yield the 
Vrcalth of by products characteristic of the ecologically integrated milkfish 
operations in the Indonesian mangrosc swamfis 

Preparation of nursery ponds begins 2 months before stocking First 
the ponds are drained, then immediately tilled svith Vkooden rakes, and 
leveled, so that the bottom slopes towiard the sluice gate Some culiunsts 
dig a diagonal ditch from one comer of the pond to the outlet to proside 
a refuge for the fry during hot ueather If predator control Is not strict, 
hos%eser, the fry refuge may become a fry trap After drying for 2 to 5 
days to fertilize the pond and kill unv.antcd organisms VihicJi may be 
buned in the mud, enough skater ts admitted to coser the bottom to a 
depth of 3 to 5 cm Wiifnn 3 to 7 days the bentliic complex of blue green 
algae, diatoms, bacteria and sanous animals, v.hicli is typical of s^cll 
managed milkfish ponds will start forming ^\^lcn this biological com 
plex, known as ' lab lab" in the Philippines u Tint obscrsetl, the cultunst 
may begin to gradually add water until the pond is 10 on deep From 
then on, the water should be changed at least every 2 weeks and prefer 
ably more frequently to present a build up in salinity 
Wien the growth of lab-lab is luxunant, the pond is readv for stocking 
Fry are stocked at 30 to 50/m*, using the same methods as in Indonesia- 
Predator control is particularly important in nursery ponds Despite 
drying and screens on sluice gates and pipes, some predatory fish, crabs, 
and shnmp do get in and they should be removed as soon as they arc 
seen Frogs, as well as frog egg masses, arc also removed Predatory birds 
may soineiimes be discouraged by erecting poles on the pond bank and 
cnss-crossing the pond wiili strings 

Another senous cause of mortafity is sudden reduction of salinity or 
lemperaiure during heav^ rams Tins is cspcaally critical during the 
first 3 to 4 days after slocking, when hcav^ rainfall may cause up to 80% 
mortality by lowering the temperature of the surface water To guard 
against such catastrophes, the cultunst should raise the svatcr level in 
his ponds dunng rainy penods It is helpful to maintain a reservoir of 
brackish water for this purpose and other emergenaes 

In the Philippines, as elsewhere, disease is scarcely a problem m milk 
fish culture An epidemic fin rot has been recorded in fry, but it is rare. 
The only serious health problem in fry nursing is undemounshment 
In addition to the usual symptoms such as hollow bellies and lethargy, 
starved milkfish fry tend to separate from the schools in which they 
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normally swim and develop a blackish color on their The has 

of the fins may appear shiny, dne to The only 

for undernourished fish is an adequate growth o£ lab-lab, bu PP 

:runm‘r£:rLmr:le:Vtundn|^^^^^^^^^ 

:L:5hhL°h; p^) 

10 kg/ha o£ rice bran or dried filamentous green f ady 

The first step in harvesting fingerlings is to 
at low tide. The fish are thus concentrMed near g P S 
nursery pond £rom the catching pond. On the next hd/’ ^ 
opened. The £ry. being naturally inclined to swim 

„„ ,b. -*l.s P«"i ^ ... 

»;rh3:.rwr.’'X;: '■ 

the night or the cooler parts o£ the day. 


CROWING FOR MARKET 

TradUiona, Methods. In the Philippines, milkfish fingerlings are^not 

usually placed directly i"'" | cm deep. Transition 

time in 0.5- to 5.0-ha “transition ponds, 15 to P 

ponds are prepared in the same manner as nursery 

not stocked nearly as heavily, and green algae may P , of it 

in them. I£ the growth o£ lab-lab becomes so ‘up sHhey sink 

break off and float, these should be removed, or broken “P ^ ^ ' 
or the fingerlings transferred to another pond, since small fish may become 
entangled in sucli floating algal masses. millrfisVi are 

AfJr about a month in 

10 to 15 cm long, have attained the g g __ j readv for 

appearance between fingerlings and ' 

stocking in production ponds at f^svhem used, nursery ponds 

Production ponds, ’ Indonesian tambak (Fig. 3). 

may form part of a complex not uniixe u«. 

In the traditional Philippine method P-'-^P^”'’™ ‘''= “et 

production ponds for stocking follows the pattern 

and transition ponds, but extra pains are taken to assure » 8^°" ‘h 
oI lab lab and marnentous green algae, f f ‘“" 

or copra slime at -150 to 900 kg/lta may be earned out while the pond is 

dry. 
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Fic 3 Milkfish pond s)i(em m the Philippines (Philippines Bureau of Fubenes) 


If the algal crop of a production pond is not satisfactorj, it may be sup- 
plemented by stocWng with lab-lab or green algae grotm in ponds set aside 
for this purpose. Filamentous green algae is especially tvell suited to this 
purpose since it will settle and grow on poles placed in ponds and is then 
easily transported from pond to pond. 

Supplementary feeding is sometimes carried out, using paddy straw or 
hydrophilic plants such as -water hyacinth (Eickornia crassipes), Ruppia, 
Najas, Halophtla, and Thalassia (the latter four collectively hnowm as 
“digman”) in a decayed or dried form. 

A more recent development is the use of fresh marine red algae 
{Gracilaria) as food for milkfish. It is in most respects a far more nourish- 
ing food than other plants commonly fed to miUJish, as it ojntains 1/15 
to 1/10 as much water, therefore much more protein and carbohydrate 
per fresh weight. Table I shows the supposed nutritional content of fresh 


ir 



ln^?T- So«r vTew orb'ISiS^b™ Iilt„ us«l lo «r«n water entering nnlkr,5h 
ponds from the estuary (PholoRraph bv I H Ryiher^ 
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and dry Graclaua and a number of other m.lkfish food 

contents ated for fresh Gr.clar.a and Cladophora, 

former, seem .mposs.bly low for aquatic plants It « 

apparent inconsistency lies m the inclusion of molecular water in the 

lab lab and other pLts as a food for milkhsh in rearing P°"* ^ to r^ 

suited in such improvemenU in growth that an extra 

uled Fresh Gractlaria is not, however, suitable for use in inland ponds 

since It will not withstand salinities below 5%. Gmc.larm may be atod 

all at once, before stocking, to form a 15 cmJeep ^“P« f 

or It may be fed in small lots tliroughout the P'="°‘^ 

case ^cumulative amount fed usually a-ounts o 2““ “J^s ^een 

One disadvantage of Grac.;arm, as^o^^^^^^ 

^Mlfi^l'h “using these methods attain an average weight of 450 g 
anfmaylTa^ested for market G to 9 months after stocking Mortality 
during the rearing period averages 50 to 7 % Uitheries Commit 

r- rr : s-ss "Jr™ --s' -r;;—™ 

more rigorous pest control, narvcsuiig rroT^nin^ m 

1 ^ ^ e nr continuous planting and cropping in 

control by means of more or less comu r , r c 

rotation Lst take into 

rr, “ « “vir^ .rsss 

techniques applies to Management Program I in Table 2 but may readily 

be adapted to the other two growing season begins 

Preparation of a production pon f h ^^^g 

m early November with “ “Sling the pond with 15 cm of 

bottom soil hardens and ™ 4I0 ^ of tobacco waste 

water. 2000 kg/ha of ^^’‘'"rwite. whifh is plentiful in the 
are spread on the fcrtilire the pond but, due to tlie nicotine 

Philippines ^'-wesnot only .0 fern P 

content acts as a powerful yet biodepa 
at 15 .0 18 kg/ha or q^^khnae a^ 1000 k 
soils lighter tlian silty loam the aosagc 
increased by 25% 
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TABLE 2 


management programs for MILKFISll PONDS IN THE rHILirPlNEA 


PERIOD FOR 

type OF CONDinOMNC 

MANAFEMENT THE POND 
PROGRAM BOTTOMS 


PERIOD FOR 
RrAlI*K: 
THE FISH 


TVPF or 
WEATHFR 


RECIOS 


Type 1 

Tirst fish November December 
rearing to April 

season 

Second fsh May June to 

rearing October 

season 


First type two pro 
nounced seasons 
dry from Novem 
ber to May wet 
during the rest of 
the year 


TI e western prt of 
North and Central 
Luzon and of Min 
doro Panay Negros 
and Palawan 


Type II 

First fsh October 

rearing 

season 

Second fsh April 

rcanng 

season 


November 
to March 

May to 
September 


Second and third 
types seasons not 
very pronounced 
relatively dry 
from November 
to Apnl or whh 
maximum rain 
fall from Novem 
ber to January 


he eastern part of 
South Luzon Samar 
Leyte Panay Negros 
Palawan and Min 
danao the western 
and central part of 
Mindanao and the 
whole island of Mas 
bate and of Cebu 


Type 111 
First fsh 
rearing 
season 
Second f sh 
rcanng 
season 
Third fsh 
reanng 
season 


February 


June 


October 


March to Fourth type ram 

May fall more or less 

evenly distributed 
July to throughout the 

September T^r 

November to 
January 


The western part of 
South Luton Samar 
Leyte and Mindoro 
the eastern part of 
North and Central 
Luzon the southern 
part of Mindanao 
and the whole is 
land of Bohol 


No more water is permitted to enter, and by December or January 
the pond will dry and the bottom will crack as before At this point it is 
recommended to add 400 kg/ha of nee bran along with inorganic 
fertilizer (100 to 150 kg/ha of 18-46 0 or 200 kg/ha of 16 20 0 12 12 12 
or 12 24 12) It seems strange that Taiwanese biologists would recommend 
inorganic fertilizers which have proven inferior to manures and in some 
cases actually detrimental to blue green algae m every experiment con 
ducted m Taiwan or Indonesia Perhaps it is worth noting that the FAO 
biologists recommendations are repeated verbatim in pamphlets dis 
tnbuted in the Philippines by the petrochemical industries which supply 
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both inorganic fertilizers and chemical pesticides. It would appear that 
the thinhing Philippine milkfish culturist is still very much on Ins own 
when it comes to selecting and applying fertilizers. It may be helpf 
as a rule of thumb to remember that 14 kg of algae are required to pro- 
duce 1 kg of milkfish without supplemental feeding. If fertilization 
produces an excess of algae, the excess may be harveste an rie 
use as a supplementary food in less rich ponds. er'i * 

Following fertilization, the pond is filled to 10 to 15 cm. le o 
waste added earlier should have eliminated polychaete worms and snails, 
but predatory fishes, as well as such milkfish competitors as mulle s 
(Mugii spp.), scats (Scatophagus spp.), and chironomid 
be elimiMted from ponds and connecting canals FAO and the P’' W'ne 
Fisheries Commission have recommended a frightening array o c 
biocides, but saponin, which is satisfactory and readily available in he 
Philippines (it is a component of teaseed oil), should be chosen for t 
safety of the consumer and the fishpond ecosystem. A dosage of O.j ppm 
is adequate to kill unwanted animals. , , . . 

Thrle days after poisoning, the water depth should ° 

20 to 25 cm. A week later, after two complete changes of water, he ^nd 
may be stocked. With the last water change, the culturist should try 
provide, and subsequently maintain, an environment conducive to the 
welfare of milkfish. This includes a temperature of 25 to 36 C, a salinity 

of 10 to 50%tf and a pVL of 7.8 to 9.5. - , ,r c l /q 

The initial stocking consists of 150 kg/ha halfjrown fish (8 to 15 
fish/kg), 40 kg/ha of garungins (30 to 60 fi*/kg). =nd 7 kg/ha of la e fry 
or early fingerlings (300 to 400 fisli/kg). A second b“>oh «£ 
of 12 kg/ha of the smallest size group, is stocked in ® , 

this sort of stocking is to keep the populauon of milkfish in the pond a 
460 to 550 kg/ha while permitting harvest every 2 w“ks throughout th 
growing season. Similar techniques allow 300 » 800 kg/ha. E-h time a 
batch of fish is harvested, the total weight of fish in the pond ^ tem- 
porarily reduced but, as more food per fish berames available, poi th 
is rapid after each harvest and the loss is soon made up More complicated 
pond management schemes, involving up to five storings in a growing 
season, have been proposed. Figure 4 graphically illustrates the results 

of such a scheme. , a ^ ^ 

After stocking, fertilization is continued: the FAO biologists recom- 
mend 100 kg/ha of 16-20-0 inorganic fertilizer per month. Supplementary 
feeding with 30 to 50 kg/ha of rice bran is recommended on doudy days, 
as long as the water is clear. If feeding should induce a bloom of dinoflagel- 
iates, which are not good food for milkfish, interfere tvith the vision of 
both fish and farmer, inhibit the growth of lab-lab. and present the danger 
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Fic 4 Composition ol milk5sh population by number u proposed for management 
m the Philippines (above) Population dynamia of a milkhsh pond atodted and har 
rested on a staggered basis throughout the rearing teason (below) (After Tang 1967) 


of oxygen depletion following a sudden die-off, the pond may be treated 
with oil cakes or a 9 1 mixture of nee bran and starch at 30 to 50 
kg/(ha)(day) until the water becomes transparent. Supplementary feeding 
IS also practiced whenever the algal pasture becomes overgrazed. 

Pond preparation for the second growing season is as desorbed above, 
except that before stocking the pond should be filled to 25 to 30 cm and 
maintained at that depth to compensate for higher air temperatures 
The initial stocking in early June consists of 160 kg/ha of half-grown 
fish, 80 kg/ha of garungins, and 12 kg/bi of late fry or early fingerlings 
The garungins stodted at this time are from the fry and fingerlings 
stodted in February and Mardi In late July, 6 kg/ha of the smallest 
size group are added \fost of these will be stocked again as garungins 
the following February 

Fertilization and feeding must be heavier in the second growing season 
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Heavy supplementary feeding is important near the ^ S™™ g 

seasol wLn lab lab is likely to become depleted Wh;« *e 
heavier than silty loam, the rate of supplementary feeding should be 
maeased by 25% throughout the second growing season 


POLYCULTURE 

Such polyculture as takes place in Philippine milkfish 

by acrdent than by design Among the fish most 

together with milkfish are tarpon, ten pounders, ® ^ Jj^^rates 

testudineus), and hito (Clarias batrachus), as we as ^errata In 

as the sugpo prawn (Penaeus monodcn) and the <nab ea^ 

recent yearl the Java tilapia (T.lap,a 

ingly common Although it is highly palata e, it 

fish farmers because it devours the lab lab intended for ‘hei^ 

Prawns and milkfish are sometimes intentionally f 
the trend is for those growers who have access to good supplies °£ P”™* 
to switch to monoculture of prawns, which is more provable, though a 
combination of the two is more producuve (see pp 


harvest 

Various methods are used in harvesting milkfish 

the rotation method of stocking and “,tze of 

tated If gill nets are used The sue of net used depends on the sue of fish 
tt IS desired to harvest (Table S) Gill nets and seining may damage lab 


TAULE 3 MESH SUE or NETS USED IN HAEVESTINC MlEKriSH IN THE PHILIP 


PINES AND TWE SIZE OF FISH CAUGHT ■■ 

stretched mesh size 
(CM l 

APPROXIMATE WEIGHT 
OF FISH CAUGHT (C) 

7 0-7 5 

285 

250 

6^7 0 

222 

6 0-6 5 

200 

55-6 0 

182 

5 0-5 5 



lab parucularb it the growth is duck- To present sudi damage, the 
pond mas be partially dfamed and the fish captured in a spcaally con 
Juried Lich’^nd.L is done m Indonesia Near total drainage is an 
clficicnl means liars cst but is belicsed to impart a muddy 
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fisJi Many Philippine fanners prefer to harvest milkfish at night, so thq 
can take the freshest possible fish to market m the morning 

YIELD, PRODUCTION, AND PROSPECTUS 

The average yield of traditional Philippine milkfish culture has been 
estimated at from 300 to 500 kg/ba The improved methods advocated 
by FAO biologists have been adopted by a few fanners, and their average 
yield IS now reported to be 1000 kg/ha. Government-operated demonstra 
non ponds have produced yields 500% greater than the national average, 
and the stated goal of the Philippine Fishencs Commission is to raise 
average milkfish production levels to 2000 kg/ha. If this goal were re 
ahzed, the national production would increase from 70 000 memc tons 
to 200 000 memc tons 

Expansion of the industry will also play a role in tlie future of Philip- 
pine milkfish culture. In 1966, there were an esumated 137,000 ha of 
water devoted to milkfish culture. In 1970, there were 157,000 ha, and 
there are still nearly 500000 ha of undeveloped swamps potentially suit 
able for milkfish farming Thus the maximum theoretical yield of Philip- 
pine milkfish culture, using improved methods is approximately I 3 
million metric tons 

The pnnapal restraint, both to development of new' areas and univer 
sal application of improved techniques, is the scaraty of fry The fry 
industjy had difficulty supplying the 1,370,000 fry needed m 1966, and 
unless ihe effiaency of fry capture and culture improves or new sources 
are found, it will simply be impossible to supply the projected demands 
of an expanding and increasingly cffiocni roilkfish farming industry 


MILKFISH CULTURE IN TAIWAH 

It IS not known how milkfish culture got started in Taiwan Taiwanese 
freshwater fish culture onginaied m the sixteenth century, when immi 
grants from the Chinese mainland brought with them the anaent tech 
nique of pond poly culture, as veil as the v-anous cypnnid fishes used in 
traditional Chinese pond culture. Until the development m this century 
of methods for induced spawning of Oimese carps, these fish could not 
be reproduced in Taiw-an and if is possible that, to compensate for a 
shortage of carp fry, Chinese fanners on Taiwan adapted their techniques 
to suit the milkfish which, though available on the mainland, was not 
cultured there Or perhaps the Dutch, who occupied Taiwan from 1624 
to 1661, brought the knowled^ of milkfish fanning from Indonesia. 
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Whatever its origin, milkfisli culture was well established in Taiwan by 
the late seventeentli century and has played an important role in the 
island s food economy ever since 

Despite Its shorter history and the shorter growing season m Taiwan 
(eight months as opposed to a full year), Taiwanese mdkhsh culture is 
much more productive than that of Indonesia and the Philippines His 
torically this has been due to better and more progressive farm manage 
ment. and Taiwan continues to lead the world in developing impioved 
methods of milkfish farming 


FRY COLLECTION 

The best months for fry collection ,n Taiwan are April and May. but 
some fry are available as late as August Collecting is generally best on 
spring tides, during full and new moons The supply of 
peatly from year to year, a record 204 million were taken in 1958, bu 
the followingVar only 58 million were caught The 
demand has leveled off at 160 million fry. but the catch was we'l Mow 
that level in five of the nine years 1958 to 1966 the most recent years tor 
which data are available (Table 4) In years when the supply is low, fry 
are imported from the Philippines I. is hoped that die annual catch can 
be inaeased and stabilized by the introduction of mechanization and 
development of improved methods of esumating and predicting fry crops 
As elsewhere, the traditional fry collecting gear is a triangu ar ip ne 
The Taiwanese version is 1 2 to 1 8 m wide at the front. 1 5 to 2 7 m long, 
and has a rigid frame on two sides only, the third side consists of a rope 
incorporating lead weights A metal or bamboo receptacle 
to the cod end of the net All ages and sexes participate m fry fishing, the 
smaller neu are designed for women and children Fry collectors may 
either wade or, in deep water, float on an inner tube 

A more elfiaent piece of gear, espeaally in deep ^ ^ ° 

bag seme of varying length, with an opening in t le top o e ag 

seines may be pulled by two men wading or by one man on a ra an 
one on sliore Periodically the fishermen stop and dip the fry out of the 
bag into buckets Where there ,s a strong current, tire bag seme may be 
ancliored facing into the current and operated as a trap 

Pry are storiM m baskets or speaally constructed cement tanks on die 
beacli pending sale, either directly to farmers or to dealem. tlie latter 
located prmapally m the city of Taman Dealers keep fry m lots of almut 
20 000 m 3m= concrete tanks fed avrlh tap water rendered sulfiaently 
saline by [lenodic addition of common salt When fry arc to be trans- 



T>^EIX 4 , AREA DENOTED TO MILKFISII CULTURE, PRODUCTIOS OF MAMXT- 
ABLE MILKFISH, AND MILKFISH ERV PRODUCTION IN TAIWAN, 1920 TO 1966 


YEAR 

TOTAl. 

AREA 

(ha) 

ANNUAL 

PRODUCnOS 

(RC) 

KC/JIA 

TOTAL niY 

PRODUCTION 

(RfttilOVS 

OF FRY) 

1920-1929 

8,000« 

8.000,000 

1,000 

293 





Extremes 





(14-49) 

1930 

6.910 

7.990.800 

1.160 

24 

1931 

7.420 

8.209321 

1,100 

24 

1932 

7.465 

8.090.730 

1,080 

25 

1935 

8.028 

6,436.742 

800 

25 

1934 

7.830 

7.893.758 

1.000 

14 

1935 

7,717 

9,020,M4 

1,170 

— 

1936 

7.667 

9.592347 

1,210 

— 

1937-1939 






— 

1940-1944 

6«5 

5.7CU(H 

840 

26 

1945 

6.067 

3.007.306 

500 

25 

1946 

6,465 

5.766.080 

880 

50 

1947 

8.698 

8,190,088 

940 

43 

1948 

10,600 

13,078.284 

1,230 

73 

1949 

11.154 

13.348,029 

1,200 

77 

1950 

13.084 

15.359,992 

1,160 

102 

1951 

13,103 

H.090.7C0 

1,080 

54 

1952 

12,724 

15,467,744 

1,220 

93 

1953 

13.457 

19.324.145 

1,453 

96 

1954 

13,759 

22,407.427 

1.620 

145 

1955 

13.869 

26307.547 

1.900 

124 

1956 

14,315 

24397.443 

1,700 

151 

1957 

14,337 

27.033.629 

1390 

148 

1958 

14587 

29^06.180 

1,940 

204 

1959 

15.326 

25,695306 

1,480 

58 

1960 

16,713 

26,156336 

1360 

202 

1961 

16.600 

31.740347 

1300 

135 

1962 

16,417 

25.714343 

1360 

92 

1963 

15.506 

25380340 

1300 

94 

1964 

16.147 

30.686^65 

1,900 

371 

1965 

15,616 

27362304 

1.760 

92 

1966 

15,616 

29.094,000 

1.863 

163 

« Rough estinule by YamamuTa (1942) 
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,o,«, ” p';x:Tb3 » “ 

lor longor trrpr .hey are sio*^ • pei,tol.eally replaced rv.lh 

cm high and 33 cm m diameter salmity is maintained with 

freshwater filtered through gauze Correct satin y 


common salt 


LAYOUT OF FARMS 

The layout oE milkfish farms “ SLive area o£ tide 

fetlte‘*fw”er depth at high tide is ™ J^^^avltion by 

suitable, but the sort of topography ^-ihed ^ahmtes ^c^ 
eliminating the necessity of hauling dirt - andjrom dm 
pumping o£ water unnecessary organic matter the 

&Z% silt, 16 to 32% sand, and 2 to % Y relationship 

better, since it has been demonstrated th-t^ ts^ duction 
between organic content of bottom =; 1 „,an^oves as are more 

Since the Taiwanese coast is ^ ,s construction 

tropical coasts, the first step m bull g should be 3 to 5 ra 

o£ a storm dike along the low water ,cp and have a 

high, 25 to 45 m wide at the be reinforced with stones or 

slope o£ 1 3 to 1 4 The seaward sid each 

bricks Water is admitmd by means ,00 

connected to a canal There should b b 
to 200 ha of ponds 
Three types of pond are necessary 

1 ^rodncdon ponds shoul^^^^ 

should slope slightly toward the adjacen P“f S=™J; 

30 to 40 cm deeper than 'he pond m i a 5, ,be 

2 Wintering pondr must he 1 to 2 m^deep^ ^ ry.ndbreak ot 

cold (water temperatures as 'ow .lanting toward the pond at an 
bamboo thatched with straw , northeast side of cadi pond 

angle of about 30^ is smiL, they should he con 

Since wintering ponds arc '''I' , ^^^p^xlgcnatcd sea water can 

structed adjacent to the mam , being tested Winlcring 

readily be admitted Plastic greenhouses arc ais h 

™^Tnra?ero ™lT-d"onn by gale, lo die win.er 
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Milkfish farm unit m Taiwan (After Un 1968b ) 


mg ponds A tiny acclimauzatton pool may be constructed in one corner 
o£ the nursery pond 

The three types of pond are interlinked by a series of canals and passage 
ways, the design and function of which will become clear as the tech 
niques of culture are desenbed 

The size of a milkfish farm is limited only by the available land and 
capital, but management is facilitated if the farm is broken down into 
12 to 35 ha unm each containing all three types of pond and connected 
directly to a main water supply canal Table 5 and Fig 5 illustrate the 
layout of such a unit 

nursing fry 

Nursery ponds to be stocked with newly caught fry m Apnl are prepared 
starting m November or December Nurseries are first drained, leveled 




milkfish culture 


341 


TABLE 5 TYPES, NUMBERS, AND SIZES OF UNITS COMPRISING A MILKFISH 

FARM UNIT IN TAIWAN — 

APPROXIMATE 
TOTAL AREA (%) 


TYPE OF POND 
AND CANAL 


area (fia) 


4 to 6 production ponds, 

3 to 5 hectares each 
2 wintering ponds 
2 nursery ponds 
4 passageways and refuges 
1 subcanal 
Total 


20 00 
0 20 
040 
0 40 
0 20 
21 20 ^ 


94 

1 

2 

2 

1 

100 ^ 


and dried for 2 weeks, then filled to 5 to 20 cm and to ejapor^ 

to dryness, which takes 3 to 4 weeks Next they are 

bran, which may he enriched with human waste, ^ 

400 to 1000 kg/ha Rice bran is placed in the pond 2 ^ | 

then water is added to a depth of 7 to 13 cm When .he conten s of the 

bags are thoroughly soaked they are cut open and the 

around This procels of evaporation, drying and 

peated several times before stocking Finally, m Mer* 

the ponds, along with all canals and passageways, a at *150 to 200 

12 to 18 cm and poisoned with tea seed cake or obacco 

kg/ha The poison will dissipate stocked at 70,000 

. bmegreen 

By June the fry should L't of'tUly 

by initial fert.hration should last ^ause deterioration 

combined effects of mtlkfish grazing and ho nonds arc 

once again feruhred, using rice bran ^in ^ 

vaste, or, less frequently, pig manure, clii nVe Clioice 

(i-eucflcnn gfauca), flax seed cake sesame cake, or ^ 

stocked milkrish ponds Unfortunately. "" 

lengths ivere used and one of the most commonly 

mke. ua, not tested As nearly as can be determined, soybean cake is as .lie 
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best of the fertilizers tested FeriiliMnrs may be applied between fry stock 
mgs or added to ponds containing fry In the former case, the ponds may 
be drained If fry are present some of the fertilizer ' may function as 
food 

Tlic Tainan Fish Culture Station hi« experimented with inorganic 
fertilizers but they have not been able to demonstrate any advantage over 
organic fertilizers The 1962 edition of the Agriculture Handbook, put out 
by the Ministry of Agriculture and Forestry of the Republic of China, 
includes a recommended schedule for fertilizing milkfish nurseries and 
production ponds using both manures and inorganic fertilizers, but all 
commercial growers continue to rely on experience and natural fertil 
izers The only widespread me of inorganic fertilizers is in treatment of 
yellow water caused by blooms of dinollagellates Ponds containing 
such blooms may be treated with 50 to 300 kg/ha of superphosphate or 
zeolite, a soil conditioner containing large amounts of silica, at 100 to 
200 kg/ha 

Fry are seldom given supplemental foods In experiments 15 to 23 mm 
milkfish fed on flour, soybean meal, rice bran, and peanut meal and 
denied access to algae sulTercd much higlier mortality than similar fry 
which were allowed to graze on benthic algae 

STOCKING CROWING PONDS AND CROPPING IN ROTATION 

The distinctive feature of Taiwanese milkfish culture is the system of 
stocking and cropping in rotation which is just beginning to be adapted 
for use in other countries Though the precise niches occupied by milk 
fish of various ages are ill defined there is little doubt that the Taiwanese 
stocking system is essentially a polyculture scheme, and that the carrying 
capacity of a pond for fry, fingerlmgs and adult milkfish is considerably 
greater than its capacity for any of these age groups alone Production 
ponds svhich are prepared for stocking in the same manner as nursery 
ponds, are first stocked in March or early April at which time no freshly 
caught fry are available Thus overwintered fish of an assortment of 
sizes from 5 to 100 g are stocked at 5000 fish/ha The larger fingerlmgs 
which constitute about 40% of the fish stocked are from the previous 
summers fry and have been overwintered by the farmer himself The 
smaller fish are stunted stock obtained from nursery specialists A portion 
of these fish grown to weights of 250 to 600 g account for the first har 
vests m June and July Subsequent stockings of newly captured fry are 
made from April to August and harvested as 150 to 300 g adults from 
August to October or early November Stocking rates vary with many 
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, . -i-t-niiv r.f £rv Table 6 illustrates a 
factors, not the least of wluch is availability 

stocking system based on maximum rates in the 


OVERWINTERING 

Fry stocked in August do not 
growing season in November and are t 


^^iriiuf FOR OVERWINTERED MILKFISH FIN- 
table 6. MAXIMUM RATE OF STOCKING TO 

GERLINGS and new fry in TAI NAN» TAIWAN 

A^ERACE AVERAGE ^\T:ICHT (c) 

WEIGHT attained IN THE CULTURE 


Month of 
STOCKING 

OF A 

STOCKING 


PERIOD of: 


FINGERLING 
OR FRY (g) 

(riSIl/HA) 

60 DAYS 

90 DAYS 

120 DAYS 

April 

May 

June 

July 

70 

SO 

25 

0 05 

0 06 

0 06 

1,500 

2,000 

1.500 

2.500 
2,500 
2.000 

350 

30 

400 

350 

100 

400 

250 

250 

200 

200 

August- 

September 

0 06 

3,000 

— 

100 

- 
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PiATt 5 Eipenni«ntal oTenrintcnng milLfiih pond >n Ta»H-af» ihdterfd by pU«t«c 
greenhouse (Courtesy Zud Shehidefa. Occame Intoiute, llasvaii) 


fingerlingi planted the (ollowng spring Fingerhngs to be o\ervrfntered 
are slocked at 20/m2 and do not grow; in fact the) may lose 10 to 17% 
by ssdghL This is offset insofar as possible by feeding Vkith rice bran on 
ssarm da)'s 

Another problem in viintering ponds is increasing salinit) Since 
winter is the dry season in Taiwan, fresh or brackish water roust be ad- 
mitted periodically to dilute svintering ponds The same problem occurs 
in produrtion ponds, which may reach a salinity of Vf/n by March and 
must be freshened before stocking in the spnng If an abundant supply of 
water of low salinity is not asailable, oserwiniered fingerlings are fir^^ 
let into the passageway's adjacent to the wintering ponds (Passageways, 
due to the constant inSux of sea water, hate a salinity of about 55^ee~) 
The gates between the wintering ponds and the passageways are then 
dosed, while the gates between passageways and growing ponds are 
opened so that the sah'nittes can be equalized and the fish can acdimate 
naturally to production pond conditions. 

High salinity and hea \7 stocking are probably responsible for the 
occasional outbreaks of sea hoe (Argulut) which may cause weight loss 
or esen mortality in wintering ponds but do not normally affect milkfish 
in production ponds- Chlorinated hydrocarbon pestiades hase been 
found effective in chminating Argultu, but in view of the danger of 
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residues building up in the fish, other methods of control, perhaps by 
salinity variation, should be investigate . 

PESTS AND OTHER PROBLEMS 

Predators, diseases, and parasites other ™or “orgTntms 

in Taiwanese milkfish ponds, but a numbe P S 

must be dealt with. Perhaps the most troublesome are la^ae of the m.dg 

Tendipes longilobm. which of' these Chironomids may 

mated that during the summ^er “ P°P ^ the milkfish 

consume 60 to 90 kg oE benthic ^ pmoloved to con- 

require 100 kg/day. Chemical P“““?“ “"“"[“"iological Lntrol which 
trol this pest, but there are possi j^^^ored fofd of certain fishes, 
should be pursued. ^“'8'= tmd some shrimps, and the 

notably the common carp (Cyprtnus P > ^^otrol are potentially 

possibilities of polyculture as a means .rale 

great but have rarely been tested ^^te vorm ' Nereis, the snail 

Other food competitors include the p y thrive in pond soils 

Cerithidea, and Java tilapia. it is seldom a problem 

containing large amounts of necessary, both Nereis and Ceii- 

in ponds more than 5 years old. Wher J ke/ha or 

th,dea may be controlled by application of teaseed cake at 200 kg/ha 

tobacco waste at 100 to 200 jgqg and have since become 

Java tilapia were " J t ot the island. Although they 

one of the dominant fish . n he ou f,adly polluted 

have greatly increased the toml hs p if all, they corn- 

ponds which support other speoes overpopulate ponds, and 

pete for food ^^^Egective control measuL have not been 

are generally considered pests, htte bacterial disease causes 

developed. Periodically, an unkno .j-^e 

mass mortality of tilapia in Taiwan b 

causative factors are unknoivn. milkfish ponds makes 

The high concentration preoccupations of milkfish farm- 

pollution and deoxygenation “““ oxygen concentrations 

ers. even though milkfish can impending deoxygenation 

as low as 1.5 ppm. The most com of protozoans. When this 

IS "brown water" caused by P P bsh from the production 

condition occurs, the only «niedy 

pond into the adjacent passagetvay. P beir ponds or providing 

culturists guard ,Xter daily during the critical hours 

a constant inflow of well-oxygenated water naiiy u 

2300 to 0800. 
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The relab\e effiaency of mxlkfish culture m Taiwan, the Philippines, 
and Indonesia is illustrated b> the mortality rates prevailing in the three 
countries IVhile cultunsts in the latter two countries consider 50% sur 
\n\al of planted fry a good harvest, Taiwanese cultunsts, some of whose 
stock must endure the ngors of winter, expect to harvest 80% of the fry 
they stock. If the overwintered stock are subtracted from the total, sur 
vival averages 85 to 95% 

POLYCULTURE 

Apart from Java iilapia, the fish speoes most commonly found in milkfish 
ponds in Taiwan is the stnpcd mullet (Mugil cephalus), which occupies a 
mdie roughly equivalent to that of roilkfoh. In ponds of low sahnity, 
milkfish may amstitute a minor component of complex polyculture sys- 
tems based on tilapia and/or the Chinese carp association (sec Chapters 
3 and 18) Sometimes the shnraps Penaeus cannatus and Metapenaeus 
ensts, which may be collected along with milkfish fry, are grown waib 
milkfish. 

HARVEST, YIELD, AM) PRODUCTION 

Harvest of milkfish in Taivvan is seleaive for sire, as desiribed for the 
Philippines 

The average yield of milkfish ponds in Taiwan increased dramatically 
in the late }^0s and early J95(h, to 1800 to 1900 kg/ha, pnnapally as 
a result of Widespread adoption of ihe continuous stodging and harvesting 
system descnbed The area under cultivation has also increased, until in 
1966 roughly 16 000 ha of water were devoted to milkfish culture and pro- 
duced nearly 30 million kg of fish Best yields were nearly 3000 kg/ha, 
(See Table 4 for a yearly listing of total and per hectare yields from 1920 
to 1966) It is not likely that increases of similar magnitude will occur 
in the near future, as the average yield has not increased since 1955 
Further, Taiwan does not liave extensive undeveloped areas suitable for 
milkfish culture. There are perhaps 10,000 ha of swampland available 
for development, but new sources of fry wall have to be exploited before 
even these swamjw an be used To make matters worse, the cost of milk 
fish culture in Taiwan is increasing since it has been found that nee 
bran, the best supplemental feed, is a good source of oiL Thus much of 
the supply is being diverted to oil produaion and milkfish growers are 
forced to use expensive substitutes or shift to some other form of aqua 
culture. Nevertheless, Taiwan wnll continue to be one of the greatest 
producers of milkfish and lo set the example for milkfish cultunsts in 
other countnes 
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MILKFISH CULTURE IN OTHER COUNTRIES 
The only other area where milkfish culture has 

where the ancient method of allowing the incoming tide to stock ponds 
has only recently been supplanted by selective stoc ^rig. 

India is fortunate in that milkfish fry are available 
year, from March to August and again from October to 
gerlings are also available in southern India, a 

implications for increasing the efficiency of culture. i reciomlly 
India was initiated in Madras in 1931 and has 
important. The clearing of 

Opened up possibilities for rice growing and s. y b H 

suyplemeL die incomes of some farmers. In India, and in Ceyl°n - ^ 
milkfish have been successfully acclimated and 

Ceylon is also similar to India in that finger mgs as i Decem- 

able. The collecting seasons are March to April and October to Decern 

It has been less than 15 years since it xLTland from 

and fingerlings occur in large numbers on t . r _ m-v to 

April to Octfber and that fry can be taken off V" “"7“ 
November. Milkfish culture is thus a rather new p i 
countries but it holds great promise. 


prospectus 

The expansion of milkfish culture into new areas “"‘eZ 

In addition to the vast areas of undeveloped swamp , milkfish 
and the smaller but significant areas in the shoreline 

farming presently occurs, there are many peninsula, Cambodia, 

in east Africa, Bangladesh, Burma, A M l y 

Australia, south China, Mexico, and some ot tne con- 

ing the availability of fry, milkfish culture could make a sign 

tribution to human nutrition in all 

Optimism over the expansion of j mduct. A 

tempered with a healthy skepticism as to the marxe p.*,, ■„ sub- 

case in point occurred in Kenya, where the Department of Fis er.« sue 
cessfully raised milkfish-only to find that the local populace would not 

'’“lUm aurbeen suggested that milkfish could be 

tuted in tropical Atlantic wa.em, for example on the coast of Brarik 
However, it seems likely that the large brackish water fauna of the 
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Brazilian coast already contains fish species well suited lo (wnd culture. 
Esen in the unlikely event iliat there arc no sudi speaes, the possible 
efiecu of miikfish on die local erology should be assayed before uitro- 
ducitons are undertaken 

The key to success in miikfish culture is ol course proper pond fer 
iihzatjon The methods developed to date have been largely empirically 
determined and can probably be improved There is no lack of effort in 
this area but it is difficult to know in wJiich direction to move, since it 
IS not knovvn vshicli species of algae and other food organisms should be 
encouraged to maximize miikfish production Tficre is an abundance of 
literature on miikfish feeding habits but the end result of reviewing it is 
likely to be confusion rather than enlightenment, since mucfi of it i$ 
vague and contradictory It must also l>e remembered that methods of 
fertilization should be tailored to soil and water cliemistry, thus there is 
no best system of pond fertilization. Despite these difficulties, research on 
nuintion and pond fertihzaiion in miikfish culture continues particu 
larly mTaivvan Much of it is pierhaps handicapped b) the premise that 
there must be methods of inorganic fertilization capable of produang 
opiimuni conditions in miikfish ponds If sucli methods were developed, 
they might produce considerable savings in money and labor but, based 
on past expenence it seems likely that organic fertilization will continue 
to dominate practical culture. At present the true benefiaanes of re 
search on inorganic fertilization of miikfish ponds are the chemical 
companies 

Immediate gams in miikfish production outside of Taiwan are most 
likely to be made by adapting Taiwanese methods to local conditions a 
process which is already yielding good results in the Philippines Of 
particular impoitance is the practice of continuous stocking and harvest 
mg which, if instituted in countries with a year round growing season, 
could result m yields surpassing anything achieved in Taiwan This has 
already been achieved on a small scale m central Java (see pp 321-322) 

All increases in miikfish production, whether through expansion of 
the industry, improvement of fertilization or intensification of stoclung 
methods are ultimately dependent on the availability of fry for stocking 
Already shortages are sometimes experienced in Taiwan the Philippines 
and Java There are almost certainly unexploited stocks to be discovered 
but the ultimate solution must be the breeding of miikfish m capuvaty 
Even with the aid of pituitary injections which hav'e been the key to sue 
cessful breeding of such stubfwm fishes as the Chinese and Indian carps, it 
thus far not been possible to mature and spawn miikfish in ponds 
Miikfish breeding experiments are under way, on a small scale, in the 
three major producing countries, but their progress is held back, by a 
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lack of knowledge of the conditions required for natural spawning Once 
this difficulty IS overcome, truly intensive culture can begin and the rate 
of expansion and improvement of milkfish farming may be spectacular, 
unless highly controlled mullet culturing methods develop so well and 
last as to supply much of the market which is now being undersupphed 
by insufficient milkfish production 
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M-b„ .. ,b. p.u. CX-'XS 

source of food for man at leas 

Samt Peter caught m the Sea of Galilee and those wi 

the multitudes were tilapia An Egyptian hL been 

Illustrates the harvest of tilapia Irmus of 

the Near East and Africa 


DISTRIBUTION OF TILAPIA SPP 

c rtf iiitman nutrition, tilapia was already firmly 
From the point of view of liuman nutrii . p 

entrendied as one of the worlds most “m, ”uure in 

twentieth century But with station, tilapia became 

this century, plus the =‘dvent ^ d ^^^P exception 

even more valuable to ^ J .^^dely cultured As 

of the common carp {Cypnnus earned out 

early as the 1920s experiments m ti ap traveler bv 1939 when 

m Ksenya Tilapia had l^I.he -eaL 

naturally propagating No one is quite sure how 

of Africa s east coast, ^ „ho have long been intrigued 

they got there, but It IS likely that q 8^ 

by the buarre “:!ver t — 

species were implicated . throughout the island So prev 

themselves at home and P ^ y,. „eographic reference in the 

alent did tliey common name tor T mormm6.c« 

saentific name, ‘he ' Lu„ regarded as a nuisance, but when 

IS Java tilapia ^hey were or pn^ ^Climim 

facilities for the “‘“''““"y under^the Japanese occupation, the 

chanos) culture began to de e apparent, and by the end of 

less demanding nature of “‘ap „eU Btablished in the svaters of 

]l:a tuTtL“d“eply emrenched in Indonesian fish culture for anyone to 
consider control measures ,he nutritional possibilities 

The Japanese, always a nation ^nimnt ,„here today it is 

of fish, helped including ditches and stagnant 

pTsthTreTw other Hsh of vLe can be grown The retreating Japanese 
Sso n rodred ^pia to Malaya from whence it '^-“Shom 



352 AQUACULTURE 


research ol such men as U S Swingle at Auburn Univcrsit> in Alabami 
and C r Hickling ai ihe Tropict! Fisli Culiurc Research Instituic m 
Malaysia, plus the misstonar> cRorls ol sucli organi/aiions as FAO .and llic 
Peace Corps, tlic Ja\a iilapia ami its congeners .arc cultured, at least 
experimentally, not only in southeast Asia, but in Japan, Asiatic Russia, 
the Indian subcontinent, the Near Dist, sirtually all of Africa, parts of 
Europe, the United States, and many of the Latin American countries 


SELECTION or SPECIES fOR CULTURE 

The Jasa tilapia was the first member of tbc genus T tlaf>ia to come to tlic 
attention of large numbers of fish ciiltunsts and has remained the most 
wadely cultured species Howeser, acconlmg lo the late A \ashous of the 
Fish Culture RescarcJi Station at Dor, Israel, it is the most difitcull to 
manage member of the genus This is not to say that there is a best u 
lapia for culture At least H sficacs base been cultured and all share the 
hardiness, ease of brcetling, rapid growth, and higfi quality of flesh uhicli 
base made the Java tilapia jxipular Any one of them or some as yet tin 
tried species or hylind might he die ngfit fish for culture in a gisen siiua 
non Too often problems in tilapia aiUurc have rcsuhctl from liasiy or 
uninformed selection ot a species In clioosing a s|>ccics tlic cultunsi 
should take into account the factors listed m Table 1 and disaissetl further 
here 

AVAILABILITY 

The Java tilapia is practically universally available, but some species are 
still available only within Uieir home range or have been introduced 
elsewhere on a limited scale This will probably become a less important 
cons«Iert{(aa as time goes 6y antf the more dcsirafifc species arc distrib- 
uted among fish cultunsts 

FOOD HABITS 

All tilapia are more or less herbivorous, but some prefer higher plants, 
whereas others are adapted to feed on plankton If the food habits of a 
species are not known, they may be predicted by examination of the 
gill rakers Numerous Jong thin, closely spaced gill rakers indicate a 
plankton feeder, the opposite shows that the fish consumes larger particles 
of food Some tilapia arc relatively omnivorous and will benefit from 
artificial feeding with vegetable materials and m some cases even accept 
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biological ^^eed controls, whereas others are useless in this capaci y 


SALINITY TOLERANCE 

Most tilapia are tolerant of hrack.sh water, but 

to It than others and may thrive and even breed in sea water 


TEMPERAMENT 

attack and nip behavior is not necessarily species specific, 

“ .1 ip. .p «.« « 

TEMPERATURE TOLERANCE 

Tilapia are essentially tropical >->and --X^Witno 

"u drawn from consideration 

olTg\nm tncSmaru scarcely possible for other edible fish to 


SPAWNING AND GROWTH OF THE YOUNG 

in many forms of fish " oMhe mo. 

difficult tasks Tilapia j ^ no skill whatever to 

prevent them from spawning The 

spawn tilapia in ponds « ^nd certainly these prolific 

Srhalterabledtry ^n African or Asian f-er to pmduce his own 

fisliwithoutaciiuir.„gexten^s.esk.lUm^^^^^^^^^ 

To spawn tilapia ' breeding stock The spawning 

pond'liouTd be sJcked witi. 25 to 30 females/1000 m= and about half 
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but inland popula 
tions Iront central 
Africa might not be 



T tnacTOCtphala 
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Africa and cxpcn 
mentally cultured m 
several Asian, Eiiro 
pcan, and American 
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557 


T nigra Cultured, at least ex Omnivorous 

penmcntally, in east 
Africa 


TABLE 1. (continued) 



S58 


TE^tPERAMENT 



retarded 
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again as many males If the water is warn enough (see Table 1 for sug 
gested breeding temperatures for some species) the males will begin dig 
ging holes perhaps 35 cm in diameter X 6 cm deep in the pond bottom 
(Plate 1) A female deposits 75 to 250 eggs in such a nest then picks them 
up in her mouth Next the male discharges sperm into the depression 
and this too is picked up by the female Fertilization thus takes place 
inside the female s mouth where hatching occurs within 3 to 5 days The 
larvae are retained in the mouth until the yolk sac is absorbed after which 
they may venture forth but for 10 to 15 days they still return to the 
female s mouth when threatened During this time the female eats seldom 
if at all If the young are separated from the mother during brooding 
they may be raised quite satisfactorily by themselves Apparently the chief 
function of mouth brooding is protection from predators 
The young tilapia mature at an age of 2 to 3 months at which time they 
are 6 to 10 cm long From then on they breed every 3 to 6 weeks as long 
as the water is warm Whenever the water temperature approaches the 
lower limits of tolerance for a particular speaes breeding activity is 
suspended Thus the nonreproductive period ranges from about 2 months 
in subtropical climates to none whatever near the equator As for other 
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environmental factors impinging on spawning, it can I’" ^ ‘ 
tilapia will reproduce in almost any sort ^ 

Java tilapia have been successfully spawned m water with a salinity 

This description of spawning applies speafirally ‘o in'^which^the 

Renerally fits all tlie cultured species except T. heudeloti, 

LTe Inclates the eggs, T. gnhien in which ^>- 7 - 

mouth-brooding, and T. sparmanm and T. zilUt, w ici p 
cichhd fashiom on a clean stone or other smooth object and do not 
mouth brood, although the parents do guard 

sparmanm and T. z.ih. compensate lor the lack of ‘be P “e 
mouth-brooding trait by producing more eggs-up ^ 

T. riihi. In nature the survivom from a thousand eg^ m 

open would probably approximate^^^ 

incubated eggs and young, but in the protecieu c e 

the fish culmrist, more eggs are likely to mean 
sparmanm and T. ziifn are even more prone to ov«populate a pond 
produce a stunted population than are ot er ti apia. 


THE PROBLEM OF OVERPOPULATION AND METHODS 
OF CONTROL 


countered in raising any species of t p ( • -c small a«! 7^ mm mav 

• • i, c »ii*. Philinnines where tilapia as small as to mm may 

m countries such as the Flulippines wuct t' ^r/afprrrarl 

be marketed but in places like East Africa, where large fish are preferred 
lor the table it can spell the difference between success and failure. 
The seriousness of the problem may be emphasized by describing the 
situa^on in Kivu Province of the Congo. There yields to hlapia culture 
ot 4325 kg/ha were considered normal, which sounds quite good until 
it is poinmd out that 70% of such yields consisted of fish less than 15 
long Classical methods of preventing overpopulation and stunting in- 
cluL separating parents and young immediately upon hatcliing, monop 
ailture, and st^Wng predators along with die tilapia Selective breeding 
for large fish has been attempted, but with no success. Apparently environ- 
mental override genetic factors in determining size. 


SEPARATION OF PARENTS AND YOUNG 


Separation 
netting out 


of adults and young could dieoretically be accomplished by 
the adults after spawning. When the brooders are sufficiently 
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Plate 2 Seme haul from an unmanaged tibpia population in the Congo; note the 
many imall fish. (Courtesy Marcel Iluei. Croendendaal Uoeilaart, Belgium) 


disturbed by nets and the like they will usually spit out the £ry. The 
captured adults could then be placed in another pond and the spawning 
pond used for a rearing pond TTiis technique is not practicable, howeser, 
since the breeding cycles of individual adults are far from synchronous, 
so that in a sizable population spawning occurs more or less continuously. 

It is possible to remove the young A method practiced in Indonesia 
makes use of a drainable spawning pond at a higher elevation than the 
fry pond. IVhen the eggs hatch, the adults are disturbed so that the 
larvae are released and drained into the fry pond. Different sizes of 
fry may then be periodically cropped from the fry pond for further use 
in culture. 


MONOSEX CULTURE 

Monosex culture is much more commonly employed. Stocks of a single 
sex may be obtained by sexing and sorting the stock individually. The 
structure of the genital papillae is indicative of sex. In males there is a 
single urogenital opening on the tip of the papilla; in females the genital 
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r.o 1 D.sungu«h,ng charac.cr..ua of male and female T.lap.a mo.amb,cc (After 
Maar, Mortimer, and Van der Lingen 1966) 


opentnK .s separate and located on the frontal wall of the papilla, close 

to the apex (Fig 1) This method has tl.e d.sadvantage of 

Moreover even experienced workers can usually achieve only 80 to 90% 

accuracy Since all it takes is one female inadvertently 

pond cl males being fattened for consumption to “"'1° ^ 

mvolved in sexing, easier and more elective methods for obtaining mono 

sex stocks have been sought The best results have been achieved by 

hybridisation Of tlie many interspeaBc and intraspecific 

which have been attempted, at least three have produced 100% male 

offspring These are 

5 T macrochtr 9 X T mlotica (a difficult cross to ptodv“) 

6 T mosmmbtco (Zanzibar stock) X s T n.lof.m (Lake Albert stock) 

d T homornm X 9 T mossambtea 


Better than 98% males were also obtained from the intraspecific mating 

6 r mormmlitco (African stock) X 9 T morsamb.m (Malaysian stock) 


Attempts to produce 
centrated on obtaining 


monosex stocks of tilapia have generally con 
males since, unlike females, males continue to 



mate may eventually undermme the bant For th.s reason there teen 
some speculatton as to the feastbtltty ot stochtng growing ponds with 
females No crosses which consistently produce high percentagB of te 
rr=s have been reported, but a. the Tropical Fish Culture Res^rch 
Institute in Malacca, Malaysia, one male Java tilapia ot Malaysian ongi 
turned up which when bred to two females ot the same stock, produced 
88 and 977„ female offspring Unfortunately thts male was lost 

As one might gather from this discussion the possibilities of l^bn 
ization in monosex culture have by no means been fully explore n y a 
few of the possible mterspeafic hybrids have been produced, 
nothing of crosses betViCen different strains of the same species, w ic 
vary in sex composition of the F* generation as SMdely as interspea c 
crosses Further, the Fj generation of many tilapia crosses are fertile and 
might be used in further breeding experiments Add to this the fact that 
the taxonomy of tilapia is by no means oil and dried, and it can e 
seen that the possibilities are almost unlimited, but that duplication of a 
desirable hybnd may be quite diflicult 

Monosex culture requires a certain amount of technical supervision to 
be successful The small farmer often lacks the time, expertise, or inclina 
tion to sex -fish or keep spawning records Thus monosex culture is best 
suited to large commeraal operations or wherever there can be con 
siderable gosemmenial supervision (A minoniy of authorities notably 
S Tal Israels Direaor of the Inland Fisheries are skeptical of its 
practicability in any situation.) Thus while monosex culture of tilapia has 
been somewhat successful in Uganda, where the government has largely 
taken over fish culture in the neighboring Congo, where fish culture 
is the responsibility of the individual farmer, it has failed 


CONTROL BY PREDATORS 

^Vhere tilapia are to be raised on small, technologically unspeaalized 
farms a more suitable method of population control is the stocking of 
predaceous fish to crop the young tilapia The use of predatory fish is 
most common in Africa where stunted fish are often simply unacceptable 
as food The most commonly used predators there and in southeast Asia 
are catfishes of the genus Clartas, but eels {Angutlla japomca) largemouth 
bass (MtCTOpterus' salmotdes) and carnivorous achlids such as Srr 
ranochromxs rohustits and Hemtchromts spp have also been used 
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CAGE CULTURE 

Experiments at Auburn University suggested a completely different ap 
proach to population control: culture in floating cages Nile tilap.a 
stocked at 7000 to 15,000/ha in such cages exhibited growth and survival 
comparable to that obtained through pond culture but were apparent y 
unable to reproduce. It was supposed that the eggs and sperm passed 
through the bottom of the net. More recently, however, Java tilapia have 
been found to have successfully reproduced in floating cages in Lake 
Atitlan, Guatemala. 


STOCKING SYSTEMS 


MONOCULTURE 

Inclusion of a predator is one form of polyculture, a practice which is 
becoming nearly universal in raising tilapia. In ee , excep or very 
primitive subsistence culture, or in waters that rvill not support other 
edible fish, monoculture of tilapia for human consumption seems scarcely 
defensible. Monoculture is pracUced, on a small 

southeast Asia. Stocking rates for this practice are 120 to 180 finger- 
lings/ha. Care must be taken to use plankton- and algae-feedmg speaes, 
since macrophages might destroy the rice crop. 


POLYCULTURE 

Since the ecological niclies of the various Tilapia spp. arc imperfectly 
known, and since the history of Ulapia culture is so short compared to 
that of some other polycultural systems, species combinations and stocking 
practices are by no means codified. Table 2 outlines some of the storing 
systems which have been commercially or experimentally applied, along 
with their results, when known. , . y 

It bodes well for the future of tilapia in fish culture that in almost 
esery case where tilapia have been added to an existing pond culture 
community, total production has risen witl. no reduction in the non- 
tilapia component; of the harvest. One exceptmn was found in India 
whL lilap^ot an unknown spcdes depress^ total prodmmon of a 
pond and apparently virtually eradicated milkfish and ca la. t^em tilapia 
are accused of exterminating other fishes, one must wonder whether some 
hyperaggressise species with a more typical ciehhd temperament may not 
have 1^ stocked. Tilapia hast: not been accused of eradicating other 
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WBLE 2 (continued) _ 

COUVrey SPECIES STOCKED TVPE OF CULTURE RESULTS 

Uganda T mossambtca, common Freshwater pond culture Yields to polyculture higher than to 
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570 aquaculture 

fish in the Philippines but milkfish fanners there are ambivalent if not 
hostile toward the presence of Java tilapia Part of their dislike of tilapia 
stems not from any direct effect of ulapia on fish production but because 
tilapia, in addition to consuming phytoplankton and naturally occurring 
algae, eagerly devour the elaborately cultured lab lab meant for the 
milkfish In other countries, though, there are numerous examples of 
tilapia being deliberately stocked with milkfish, usually with good results 
Surprisingly little work has been done on the combined use of two or 
more Ttlapia species Although an all tilapia counterpart of Chinese carp 
culture may never be developed, certainly the variety of food habits 
among tilapia — plankton feeders, filamentous algae feeders, macrophages, 
and omnivores — points in this direction The assoaation in Africa of the 
plankton feeding T macrochtr and the macrophage T melanopleura 
also usually involves an assortment of ages and sires, not to gam any 
particular polycultural advantage but because, given the prolific nature 
of tilapia, a IS simpler Initial stodung ot growing ponds is earned out 
with a mixture of fry. large breeders, and vanous in between ages At 
harvest time all but a few of the large breeders are taken for consumption 
Excess fry are also harvested for consumption or, more often, for use in 
stocking other ponds Restocking may not be necessary, but if artifiaal 
feeding is employed, 10 to 20% of the estimated production by weight 
may be stocked after harvest. 

Granted the relative simphaiy of mixed age culture, a harvest consist 
ing ot many sizes of fish may be economically disadvantageous Stocking 
fish of approximately the same size wil! not produce a harvest of even-size 
fish, even if monosex culture is employed, but may more closely approach 
iL M Huet of the University of Louvain, Belgium, has devised a formula 
for restocking single size arufiaally fed tilapia ponds 

number of tilapia to be slocked = production 

individual growth 

, / total production \ 

+ (waste) ( I 

\ individual growth / 

Individual growth of fish may be fixed within certain limits by referring 
to the normal growth of the speaes cultured, or it may be determined 
more preasely by weighing a sample of the stock at stocking and again 
at harvest 

Waste percentage is largely a matter of estimation or perhaps inluiuon 
Values normally used in the application of Huet s formula are 10, 15, and 
20 % 



CULTURE OF TILAPIA 371 


Total production equals natural production plus ^ J*” 

feeding Ltiiral production must be known from previous 
out feeding, in the pond to be stocked or a similar pond 
feeding may be obtained by dividing the weight of 
numtional quotient (see p 47) Huet does not give 
termmmg production due to fertilization, but many of the “^monly 
used orgfnm fertilizers double as feeds and may perhaps be treated 

* AslTLmple of Huet s formula in application, let us ™PP^ “ ® 
growing pond which is cropped twice a year Its P" “ 

estimated at 400 kg/(ha)(yr) Now 3000 kg of cottonseed 
have a nutritive quotient of 5, are available as feed and waste is reckoned 
at 157o Total production for 6 months thus equals 

3000 kg food 


400 kg/(ha)(yr) X 0 5 ha 


- + ■ 


. = 700 kg 


Individual growth of fish is estimated at 0 1 kg and waste at 15% 
So, plugging in tlie data, we get 


no of fry to be stocked = ■** V 0 1 


700 . ^700^ _ 


8050 fry 


The formula is of course applicable only if the P°"‘f 
With the same size fish at the same speaes ratio as origi y 
The only other noteworthy example of >"'’''‘P'^ P^’^V t'^Iad.tit "o 

isH W Swingle’s work at Auburn Univeratyin^ ^,ioi,ca, has unknown 

tiso or three species of Tilapia, one of ' 1 » thn Hriremouih 

feeding habits. Swingle gotten some niitrilion 

bass (M.croptenis ,almo,dcs) The bass ^,„„pkalcs promclas) 

from joiing tilapia, but when ^ ^aM over the course 

were added to the pond, they production but only 

of 7 months, resulting in a Table 2) U has long been part 

also stocked ^va - 

cliannel catfish llctalurus punclatus). whicli. g on nlama 

as ihe largenioutli bass, 

fry Significant consumpiion of tilnpia iry ) 
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but the tihpia apparently utilircd not only plantion but ua«C5 and 
excess feeds intended for the catfish and production of citfish sn^s 
substantially increased (sec Table 2) 

STOCKING RATES 

Most of the reported stocking densities for tilapii arc lovscr tlnn neces- 
sary, at least where monosex culture is employed Tlic problem of excess 
small fish in tilapia ponds is more cJoseJv allied to excess reproduction 
than to initial oserstocking Experiments at Auburn Uniserstiy in s^hich 
1 year-old, lOOg T nihtica were stocked in 2 02ha j>onds at various 
rales demonstrated incrcasetl pro<luction at each density increment up 
to 5039/ha, the higbcsi tested 

Research in Uganda on the hjbnd s T mouamhtca (Zanzibar stock) 
X 9 T nifolicfl (Lake Albert stock) showed tliat, up to a ssciglit of 50 g 
fry did not suffer retarded grouth at densities as high as 8000/ha Al>osc 
tliat size It was found necessary to transfer them to rearing ponds at 
1000 to ISOO/ha if normal growth was to continue 
Much higher stocking densities were successfully employed in further 
experiments at Auburn University involving tilapia fingcrlings Nile 
lilapia fingcrlings stocked at 20000/lia and fed gave a production of 
2822 kg/ha in 190 days but those stocked at 10 000/ha produced 5099 
kg/ha Of these fish, 9S 5% and 91 9%, respectively, were considered to l>e 
of usable size Similar results v\crc obtained with Java tilapia at 
densities up to 50 000/ha. but the percentage of usable fish 99 7 at 10 000 
fish/ha, declined to 67 7 at 50000/ha. due presumably to the very 
prolific nature of Java tilapia Of course it should not be assumed that 
more is better than less in tilapia stocking Many factors other than 
deruuy enter the picture, not the least being the question of available 
food supplies and lU corollary, the economics of feeding 


MAl^AGEMENT OF TILAPIA PONDS 
SEGREGATION OF ACE CROUPS 

The practice of segregating different ages of fish m nursing, reanng. and 
growing ponds, so prevalent in culture of speaes where spawning »* 
stnctly amtrolled, is rare in tilapia culture However, in paru of Africa, 
fry may be nursed from 6 weeks to 2 months, or until they begin to 
breed, in 0 01- to 0 1 ha ponds This tedmique may become more wide 
spread, parucularly for use in monosex culture. 
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POND FERTILIZATION 

Pond fertilization is of vital importance in culture of tilapia, particularly 
the plankton-feeding species, but has yet to be treated V; 

This is largely due to the short history of tilapia culture, as well as to tl e 
frequent use of tilapia in "crash” programs designed not “.F^^e data 
for more sophisticated efforts but to alleviate existing “‘‘“1 Fotem 
shortages. In southeast Asia, tilapia may be culture in pon s i 
already heavily enridied by agricultural runoff and/or domestic pollut om 
Some of these waters carry such heavy loads of organic ^ 

be uninhabitable by other desirable fishes. Fertilization would thus be 
superfluous, and fertilizers are set aside for use in culture of “rps. m Ik- 
fish. mullet, and so on. But even in southeast Asia, such ponds are the 

exception rather than the rule. • n . -r *:inTx;o 

It may be expected that as tilapia culture matures, 7“=*’ ^ 
becomes a commercial product sought by all economic classes, fertilizati 
will be studied in some detail. , . , , 

A certain amount of research on fertilization 
been carried out. most of it involving Java til.apia and all of . invo vmg 
the use of phosphates, wliich are the most effective f^tilizm 

tor enhancing phytoplankton production. The ■'npouance of phosphoru 
in production of lava tilapia was demonstrated by a senes of experiments 
at Lburn University in which ponds received 8-8-2 
0 8-2 (N-P-K) fertilization, or no fertilization at all. Both fertilizers 
significantly increased tilapia production at popu a ion 
4942, 9884, 14,826, and 19,7G8/lia. Except at t!ie highest density, the 
0-8-2 (N-P-K) mixture was actually more effective than the mixture 
containing nitrogen compounds. Al.bougb it can be pred.med hat use 
of phosphates wiU enhance phytoplankton production the 'h-hty o 

various phytoplankton differs widely. Java tilapia digest ^-ab-enoJs,s 
and oJogonium well, iiolryococc.is part.a ly M.crocy.t.s .and Sf irogym 
poorly, and perhaps cannot digest OscilhUor.a or zlnabaena at all. 
Unfortunately it is not yet practical to produce cultures of a particular 

phytoplankton species on a laigc scale. . 

Experiments in South Africa yieldetl the none too surprising r«ult tha 
185 kg/ha of 197„ superphosphate iti conjunction svith hme mCTCasc 
yields of Java til^iia by a factor of Kre...ei than 4 Basic slag, svliich is 
often used in practical fisll cultuie in Africa, achieved similar results when 
applied at 225 kg/ha. More surpiising is the similar effect of experimental 
application of 19% superphosphate at 530 kg/lia to ponds containing the 
macrophagous T. mcfano/ilenrii. Over a 5 month period an increase in 
production of 240 kg/ha over natural production was recorded. 
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Phosphalic fertilization in tlic form of P.Os applied at 10 to 1-0 
Vg/(ha)()T) to Milaysnn ponds containing Ja\ i ttlapn and narbxn 
gonionofia raised the total yield of fish hy 201 to 1200 kg/(ln)(yr) It 
should be pointed out. thougli. that !>otli of these sjiccies arc plinkton 
fcctlers and highly tolerant of ttirhidiiy 
The effects of organic fcrtdizers on lilipn arc not u ell knou n, bnt such 
fertilizers arc fairly tsidely usctl, for cximplt, in Indoncsn, tvhcrc man 
gold plant IS used as a green manure It is also likely that ssherc such 
artificial feeds as oil seed cakes arc usetl in lilipia culture, a large i>cr 
centage of the intended feed is not consumed hy the fish but functions 
as a fertilizer Seuage is used to fertilize tihpin |>ond$ in soiuhcast Asia 
and has been suggested for use in scmiarid regions of Africa svhcrc green 
manures are not abundant and animal manures arc belter employed in 
agriculture This suggestion has met s\ith little enthusiasm since unlike 
most Asians, Africans in general are as srpicamish v.ith rcgartl to human 
wastes as are Furopeans and Americans 

Pond fertilization in fish culture is of course not merely a matter of 
knosving the cliaractenstics of Uic fish to be cultureil, but must also take 
into account the chemistry of the ssatcr and soil Thus fertilization cvpcn 
ments carried out ssuh Jasa tilapia in, say, Alabama ire of only limited 
salue to the prospcciise tdapia cultunst m Uganda As time goes on and 
more onsite research is earned out, scientists and fish adiurisis ssdl he 
m a belter position to evaluate the pros and cons of fertilization in culture 
of tilapia and all fishes 

SUPPLEMENTARY FEEDING 

Supplementary feeding in tdapia culture is as important and as little 
understood as fertdization Most authorities are of the opinion that 
supplementary feeding is essential for success in large scale culture of 
tilapia but nosshere is it earned out in a systematic manner Among the 
feeds employed in Asia and Africa are nee bran, broken nee, od cakes, 
flour, corn meal, kitchen refuse, rotten fruit, coffee pulp, and a variety of 
aquatic and terrestrial plants In South Africa. T melanopleura are pro- 
vided with fodder by growing nee to a height of 20 to 30 cm, then flood 
mg It and allowing access to the fish 
In countries wliere little money is available to purchase feeds use of 
waste products should be encouraged For example, in the Congo the 
simple expedient of throwing mill sweepings into tilapia ponds has 
resulted in production well above normal for the area 

There is great need for research in tdapia nutntion, not only to deter- 
mine what feeds are best but also what rates of feeding are most effective 
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The only worthwhile study of t.lapia feeding rates was 

Java tilapia and Nde t.lap.a at Auburn University using a m.xture^of 

35% peanut meal, 35% soybean meal. 20% ground beef h ■ % 

meal, and 15% distillers dry solubles Experimental ^ 

1 2 3 and 4% of body weight per day Java tilapia grew best at 3% 

buLeariy as well at 2% Growth of Nile tilapia ■“FO™! i eaib 

increment of feed Feed conversion rates were best at 2% 

tively The feed used seems unusual for tilapia in its high animal content. 

ceminfy sucl a feed would not be economically feasible where tilapia are 

raised to offset protein deficienaes in human lets 


USE OF TILAPIA IN WEED CONTROL 
Correlated with the feeding habits of the various 

use in weed control Five species have to date been used or tested in this 
capacity 

T hexidelou fed on higher plants in experiments at Auburn University, 
but they did not exert effecuve control over any 

T mclarwplmra vies with die grass carp as one of the best agents of 

biological control of aquatic weeds for manv 

2500 to 5000 fish/in are recommended Its role m r g 

1 1 c ♦! rlaim tint it does not consume them 

plants 15 not clear Some autliorities cnim i ^ or»npnrpd to 

m appreciable quantities However, m ponds in 

effectively control some aquatic and emergent P ^ nrobablv de- 
not touch Elodea or R.ca. Consumption of higher plants probably de- 
pends in part on the “'''"'f to 5000/ha controlled fila 
T tulotica expenmentilly stocked at zjuu lo / 
menious algae and reduced some higher plan y 

effective in malaria contiol than T ,noss«mb,ca since it not only eats 

alpe but IS reputedly ‘t"ued higher plains including 

T zi//it m cxpcnmciils in Mala>sia cou j 

'"'xbmlyUs ncumxrxala, which grass carp will not toucli 

IVecd control by lilapia is generally a matter of m ,mnds 

it^vttit cau:tw-tt::" i-™— 

scrMcc ») tun h «iiPf»csie<l for use in control of 

tbeiKuid Tdapiab.veocosionally 
tuijsancc phnts in natural waicr^sa>5 sxher 
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the St. John’s River of Florida where water hyacinth interferes with sport 
fishing and boating. Such suggestions are usually resisted, since the total 
effect of a voracious herbivore in a new environment is, to say the least, 
difficult to predict 


GROWTH AND PRODUCTION 

Growth of tilapia varies greatly with stocking density, frequency of 
spawning, and food supply. Under very favorable conditions, individual 
Java tilapia may reach a weight of 850 g in 1 year; in bracJtish water 
they may reach 450 g in 8 months. But in most ponds 85 to 140 g is a 
more realistic weight to expect after a year if the sexes are raised together. 
Males grow two to three times faster than females, thus monosex culture 
of males produces correspondingly better growth. Monosex culture of 
females would also improve growth by eliminating periods of no growth 
associated with spawning, but no data are available on this rarely prac- 
ticed technique. 

Heterosis is not unknown in tilapia, but the subject has been insuf- 
ficiently investigated. It has been shown that both of the reciprocal 
crosses of Java tilapia and Nile tilapia exhibit belter growth and food 
conversion than either parent. The same is true of both the intraspecific 
CTOsses of Java tilapia of African and Malaysian stocks. 

Since the future of tilapia culture appears to be largely bound up with 
polyculture, it seems superfluous to discuss production at length. The 
question to be asked is not “How many kilograms of tilapia can be 
produced in this pond?” but rather “Will tilapia add significantly to this 
pond s fish produrtion?” As we have seen, in most cases the answer to the 
second question is yes. The amount of added production will of course 
vary, but even in instances such as the experimental culture of Java 
tilapia with channel catfish, where only 266 kg/ha of tilapia were pro- 
duced, the effect of adding tilapia must be regarded as significant. Al- 
though if the total production of a fish pond were 266 kg/ha it would be 
a poor pond indeed, the production of tilapia in this case must be 
considered as supplementary to the production of the primary crop, 
channel catfish. The 266 kg/ha of tilapia produced, plus an increase in 
catfish production of 168 kg/ha over the 1400 kg/ha achieved by mono- 
culture. amounts to an increase of 434 kg/ha of fish, or a total production 
gain of 30.37o- Addition of tilapia to carp ponds in Israel has, on occasion, 
resulted in production gains of more than 165%, 

■Where monoculture of tilapia is practiced, the "normal" figure usually 
died for natural production is 500 kg/ha in the tropics and somewhat 
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less m moderate cl.mates With fertthratton 

mg yields o£ 1000 to 2500 kg/ha can be achieved H gg 

kg/L IS a minimum desirable production in A£n^ but ^ 

suLce culture, smaller yields -ely “ Sports 

Maximum yields oE tilapia may be ® , i. ,i,ev are likely to 
oE such yields must be taken with a gram oE salt since they are likely 

contain a preponderance o£ fish too small to be usable 


HARVESTING AND MARKETING TILAPIA 

Harvesting oE tilapia crops is ^ThT 

pond draining However, experiments pffioent and result 

the stock IS to be retained electrofishing may be more effiaent and 

in less injury to the fish marketed as Eresh or 

In most places where tilapia is “ 

iced fish, but it may also be sold £ ^ 

varies greatly In Israel. “'=‘P‘* ^ t,,e commeraal value oE 

diiionally cultured common carp M As, a. size is 

tilapia IS largely dependent on regionally In some 

not an important Eactor. but the ^ ^ bhA skin, and con 

areas the acceptability o£ ti apia is d y 

sumption oE tilapia is ^ I J,.™et Eood. which is quite 

milkfish In other areas it is marketed B usually very high Tilapia 
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the St John s River of Florida where water lijacintli interferes with sport 
fishing and boating Siidi suggestions arc iisuaHy resisted since the total 
effect of a voracious herbivore in a new environment is to say the least 
difficult to predict 


GROWTH AHD PRODUCTION 

Growth of tilapia vanes greatly with stocking density frequency of 
spawning and footl supply Under very favorable conditions individual 
Java tilapia may reacli a weight of 850 g in 1 year in bnckish water 
they may readi 450 g in 8 montlis But in most ponds 85 to 110 g is a 
more realistic weight to expect after a year if the sexes arc raised togctlier 
Males grow two to three times faster than females tluis monosex adiure 
of males produces correspondingly better growth \fonosex ailiurc of 
females v,ould also improve growth by eliminating periods of no grovvth 
assoaated with spavsming but no data arc available on this rarely prac 
ti(£d technique 

Heterosis is not unknown in tilapia but the subject has been insuf 
fiaently investigated It has been shown that both of the reciprocal 
crosses of Java tilapia and Nile tilapia exhibit better growth and food 
conversion than either parent The same is true of both the intraspecific 
crosses of Java tilapia of African and Malaysian stocks 
Since the future of tilapia culture appears to be largely bound up with 
polyculture it seems superfluous to discuss production at length The 
question to be asked is not How many kilograms of tilapia can be 
produced in this pond? but rather Will nlapia add significantly to this 
pond s fish production? As we have seen in most cases the answer to the 
second question is yes The amount of added production will of course 
vary but even in instances such as the experimental culture of Java 
tilapia with channel catfish where only 26G kg/ha of tilapia were pro- 
duced the effect of adding tilapia must be regarded as significant A1 
though if the total production of a fish pond were 266 kg/ha it would be 
a poor pond indeed the production of tilapia m this case must he 
considered as supplementary to the production of the primary crop 
channel catfish The 266 kg/ha of tilapia produced plus an increase m 
catfish production of 168 kg/ha over the 1400 kg/ha achieved by mono- 
culture amounu to an increase of 434 kg/ha of fish or a total production 
gam of 30 3% Addition of tilapia to carp ponds m Israel has on occasion 
resulted in production gams of more than 165% 

"Where monoculture of tilapia is practiced the normal figure usually 
ated for natural production is 500 kg/ha in the tropics and somewhat 
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precondition for which is usually chilling Tilapia also act as carriers of 
catarrhal enteritis 


STATUS AND PROSPECTUS OF TILAPIA CULTURE 

The prospectus for tilapia culture can best be outlined on a regional 
basis 


THE NEAR EAST 

The future of tilapia in Israel is debatable, but as long as the present 
demand is sustained it seems likely that tilapia will hold their oivn in fish 
culture as well as in fisheries There are perhaps more institutions carry 
mg on fish culture research in Israel than in any other counti7, so 
breakthroughs in tilapia culture tecliniques may we e ma e an ap- 

plied m Israel . , 

The growth of fish culture in other Near Eastern countries is hampered 
by the lack of an aquacultural tradition and. in some cases, a shortage 
of water Present emphasis in the region is on culiure of the common 
carp, but one may expect tilapia to play some role in the development of 
fish culture 


There is perhaps more exatement over i.lap.a in tropical Africa than 
anywhere else, but results to date vary greatly, as does the prospectus The 
problem of stunting which must be reckoned with wherever t.hp.a are 
raised, is crucial in Africa due to the reluctance of most Africans to accept 
small fish The future of African tilapia culture is thus dependent on the 
improiement and spread of population control techniques 

CtiUiire of tilapia will undoubtedly continue to be practiced in vir 
tiially all African countries but. as m the past, success may be expected 
to be greatest in those countries where government supervision and assis 
tance are greatest Most noteworthy in this res,>cct are Uganda and the 
Malagasy Republic. Government supervision is necessary not only for 
economic reasons but bcciiise Africa lacks a tradition of fish culture Thus 
a farmer who is perfectly willing to work long anil hard on a lerreslrial 
crop IS culiiirally conditioned lo think of fish .as wild game rather than as 
livestock to be tended and he may let a carefully conslructcd and stocked 
fwb p»ml dctci ionic for lack of Tticniion 
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Plate 3 Good sired tiUpu being nutketed m the Congo (Courtesy Marcel Huct 
Groendendaal Hocilaart Belgium) 


DISEASES AND PARASITES 

Diseases and parasites are somesvliai less of a problem -with iilapia than 
svitli many cultured fishes Among the parasites found on tilapia are 
Tnehodma, Chtlodon, and Saprolegnta The only di v?ase mentioned 
in the literature is bacterial fin rot but one might expert that, at least 
m marginal climates tilapia svould be subject to ichthjophihinasis the 
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precondition for which is usually chilling. Tilapia also act as earners of 
catarrhal enteritis. 


STATUS AND PROSPECTUS OF TILAPIA CULTURE 

The prospectus for tilapia culture can best be outlined on a regional 
basis. 

THE NEAR EAST 

The future of tilapia in Israel is debatable, but as long as ‘he present 
demand is sustained it seems likely that tilapia will hold their o™ ^h 
culture as well as in fisheries. There are perhap more institutions cann- 
ing on ash culture research in Israel than in “ 

breakthroughs in tilapia culture techniques may well be made and ap- 

•’’Th^growth of ash culture in other Near Eastern countries is hampered 
by the Uck of an aquacultural tradition and, in some cases, a shortage 
of water PrLnt emphasis in the region is on culture of the comnaon 
carp, bu; one may expect tilapia to play some role in the development of 

fish culture. 


AFRICA 

There is oerhaps more excitement over tilapia in tropical Africa ton 
anywhereLe, but results to date vary greatly, as does the prospectus. The 
problem of stunting, which must be reckoned with wherever tilapia are 
Lsed is crucial in Africa due to the reluctance of most Africans to accept 
small fish. The future of African tilapia culture is thus dependent on the 
improvement and spread of population control techniques. 

Culture of tilapia will undoubtedly continue to be practiced in vir- 
tually all African countries but. as in the past, success may be expect^ 
to be greatest in diose countries where government supems.on and assis- 
tance are greatest. Most noteworthy in this respect are Uganda and the 
ivnce arc pea ,-.„..„n„cnt supervision is necessary not only for 

hfalagasy Republic. ^ tradition of fish culture. Thus 

economic reasons but bemuse Africa lacKs a ,„„„ir;il 
t \ ' A^niinir to work long and naru on a terresinai 

a farmer who is p . . think of fisli as wild game rather thnn as 

CTop IS culturally carefully constructed and stocked 

livestock to he tended, and he may ici a , 

fish |K)nd deteriorate for lack of aticntioi . 
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Plate 5 Good sized i lap a be ng nurketed in the Congo (Courtoy Marcel Huet 
Groendendaal lloeilaart Belgium) 


DISEASES AND PARASITES 

Diseases and parasites are somewliat less of a problem svith tilapia than 
SMth many cultured fishes Among the parasites found on tilapia are 
Trtchodtna Chilodon and Saprolegnta The only disease mentioned 
in the literature is bacterial fin rot but one might expect that at least 
m marginal climates tilapia ssould be subject to ichthjophthiriasis the 



CULTURE OF TILAPIA 381 


way into natural waters, their effect on the local ecology could be disas 
trous With this in mind studies have been undertalcen in a number o£ 
countries, notably Brazil, Guatemala, and Peru, to determine the aqua 
cultural potential of native fish species Results to date are not encourag 
mg, so experimental culture of tilapia is proceeding in many Latin 
American countries, especially Brazil and Costa Rica 

Commeraal production of tilapia is already under way in Jamaica and 
Trinidad In Jamaica tilapia culture is quite successful in terms of yield 
but shows little promise of being able to add significantly to the abun 
dant fish supply contributed by marine fisheries In Trinidad the situa 
tion IS much the same as regards pond culture, but Trinidad and some 
other Caribbean islands have further resources for fish culture in tlie form 
of extensive fresh and brackish water swamps It has been suggested that 
tilapia could be cultured and stocked in these swamps to supplement the 
take of fishermen who regularly exploit them 


CURRENT AND FUTURE RESEARCH IN TILAPIA CULTURE 

There is no form of fish culture that cannot benefit from research, but 
tilapia culture, as a young branch of the art involving 12 or so species 
grown under widely differing conditions all over die world is in particii 
lar need of information obtained through research 


GROWING TILAPIA IN THERMAL EFFLUENT 

One aspect of tilapn research— the experimental culture of tilapia in 
industrial cooling waters-may result in still further geographical ex 
pansion of tilapia culture, but most tilapia research is aimed at improv 
mg production in the tropical and moderate climates where the, are 
already successfully raised 


POPULATION CONTROL 

Easily the most important advance which would be made would be a 
foolproof method of presenting oiercrowding and stunting This has 
usually been approaclied through hybridization As mentioned earlier, 
there are at lemt three tilapia crosses diat yield 100% male offspring 
but one of these is difficult to produce, one insolses the use of stocks from 
rather limned geographic areas and one insolses T homorum, sshicli is 
not asailable to many ciilturists outside east Africa and Malaysia What is 
needal is not only an easily obtained and duplicateil all male hybrid. 
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SOUTHEAST ASIA 

TUapia may be expected to conunuc lo plaj an important role in Hsli 
culture, particularly in Taiwan and Indonesia Whether significant ex 
pansion will occur depends on the results of research, on the extent to 
which eutrophication renders inland and brackish water unsuitable for 
culture of other fish, and, in some countries, on sslicthcr or not rcgiona 
attitudes toward tilapia change 

UNITED STATES 

The consensus of workers at Auburn Uniscrsit^ is that tilapia arc not 
presently feasible for culture in the United States, due to the premium 
placed on large fish, the diHiculiy in overwintering (even in Alabama 
tilapia used in research must be brought indoors during the winter), the 
doubtfulness of consumer acceptance, the availability of a wide variety 
of native fishes for culture, and the justifiable concern of conservaiiomsls 
and sport fishermen over the possible ecological effects of the intentional 
or accidental stocking of tilapia m natural waterways 
Large scale culture of tilapia is not expected in the United States but, 
despite the warnings of ecologists, occasional introductions may be 
made Java tdapia and/or Nile tilapia have already been stocked locally 
as food or sport fish or for mosquito control m at least six of the southern 
slates and Hawaii There is as yet no indication of their impact on fish 
enes or the ecology in any of these areas 


TEMPERATE REGIONS OF EUROPE AND ASIA 

Little future is seen for tdapia in these regions, except perhaps in m 
dustrial cooling waters Experiments along these lines are being earned 
out in England the Soviet Union, and West Germany Some success 
has also been reported from tdapia culture in the south of France, but 
details are not available 

LATIN AMERICA 

In no other major area of the world is fish culture so poorly developed 
Widespread protein defiacncy in Latin America has in recent years 
prompted the various national governments and international aid agen 
aes to investigate the potential of fish culture in the region The most 
frequently suggested group of fishes for culture there are the Tilapia spp 
The only senous objection which can be raised is that if tdapia find iheir 
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scale nlapia culture is . g'„,ituri5t may proceed intelligently 

all waters to be cultivated so that the citltu y p 

with specific management measures appropm^ fertilization and feeding 

Much more work needs to be do P and field 

in tilapia culture Both '^“”“''Y“nd^ertilaers in practical culture are 
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munal operations, education o£ % nrooer feeding, and other 
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but a senes of them, including planVton feeders, maaophages, salinity 
and temperature tolerant strains Such hybnds might also exhi it 
heterosis as does the existing all male hybrid S T mossambica (Zanzibar 
stock) X 9 T mlohca (Lake Albert stock) 

TAXONOMY AND GENETICS 

To achieve the ends of hybndization it will be necessary to better under 
stand tilapia genetics, both at the speafic and subspeafic levels, to 
understand, for example, why mating male T mossambica from Zan 
zibar vnth female T mlohca from Lake Albert produces 100% male off 
spnng, whereas mating the same sexes of the same speaes from other parts 
of the world may not The attainment of this understanding wtII entail 
careful examination of the taxonomy of the genus Ttlapta, which is cur 
rently quite confused 

ECOLOGICAL AND ETHOLOCICAL STUDIES 

Concurrent with hybridization experiments should be studies to more 
preasely determine the ecological niche occupied by each of the cultured 
speoes Many attempts at tilapia culture have yielded unsatisfactory re 
suits merely because the cuUunst did not have the necessary information 
to choose the right speaes or hybrid for the job Once the roles of the 
various speaes are known, hybridization can proceed more intelligently 
and the cultunst ivill have an even wider selection of tilapia types to 
choose from One of the best means of approaching the problem of 
ecological niclie would be to study tilapia behavior and food habits under 
natural or seminaiural condiuons 

When the roles played by the various speaes and hybrids are known 
there will be a real basis for the foundation of tilapia polyculiure, with 
or without noniilapia speaes, at a level of sophistication comparable to 
that of Chinese carp culture Even now, studies aimed at finding better 
speaes combinations and stocking rates for pond communities would 
not be amiss 

POND FERTILIZATION AND SUPPLEMENTARY FEEDING 

Among the less glamorous tasks laang researchers on tilapia culture is 
the assessment of bodies of water for culture. It is all very fine to do 
research on pond fertihiaiion in Alabama or Israel but to attempt to 
extrapolate from there to a pond of unknown physical and chemical 
charaaenstics m East Afnca is scarcely realistic For this and other pur 
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Taiwanese nursery ponds are much more heavily stocked, figures o£ 
up to 3 million elvers/ha are cited Foods given include worms and 
minced, cooked trash fish, both presented in submerged bamboo mesh 
baskets 

Stocking regimes for eel production ponds in Japan and Taiwan are 
quite different from each other, in keeping mth the different aquacul 
tural traditions of the two countries Eel culture in Japan is essentially 
a monoculture system, although common carp (Cypnnus carpio) or striped 
mullet (Mugtl cephalm) may be stocked to clean up the excess food which 
IS a necessary evil in eel ponds In Taiwan, however, eels are integral 
parts of complex polyculture systems derived from the classical method 
of Chinese carp culture 


STOCKING PRODUCTION PONDS 

In coastal Taiwanese ponds where Java tilapia {Ttlapm mossambtca) are 
the major crop (see Chapter 18 for details), eels may constitute a minor 
component of the stock, but in another class of ponds they are the prin 
cipal species stocked Sucli ponds, which have smooth mud bottoms 
sloping toward the lower end, and walls lined with cement, brick, or 
stone, vary in size from 0 08 to 4 ha or more, but seldom average over 
1 0 to 1 5 m deep One such 4 ha pond was stocked in 1967 with—in 
addition to elvers at about 25 000/ha-siIver carp (Hypophthalm.chthys 
molitrtx), big head (Aristichthys nobths) common carp, mud carp (Cir 
rhmus LhtoreUd). and striped mullet Table 1 illustrates the roles of 
each of these species in the pond ecosystem and in the harvest 
The system outlined in Table 1 differs from the ordinary pond poly 
culture systems originally developed in China and currently practiced 
m Taiwan and elsewhere in that it is neither the natural character of the 
pond nor fertilization per se that determines the structure of the fish 
community Rather, the voraaous but sloppy feeding habits of the eels 
dictate that large amounts of food be given and the species and numbers 
of other fish stocked are in turn determined by the effect of the waste 
eel food Striped mullet, which would not ordinarily be stocked in a 
freshwater pond, are of particular importance not so much for their 
contnbution to fish production as to control the dense growths of blue 
green algae which result from the superabundance of nitrogenous matter 
Other species that may be fitted into Uus type of ecosystem are goldfish 
(Caramm amalits) which may replace silver carp, and criiaan carp 
(Caramm carariim), wliicli. as omnivores, may take advantage of any 
nielie that is not completely filled Grass carp {CImopharyngodon .dellm) 
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NATURAL HISTORY ALD COLLECTION OF ELVTRS 

The only counlry %sith a long Instoty o( ccl cwUurc is Japan where 
Anguilla japomca has been farmed a)mincrnally for about 150 years and 
on a subsistence basis for ccnluncs longer It was not until after IVorld 
War II that Taiwan became the second country where tins species is 
cultured Like all species of A /apomcfl Ins the rather unusual 
trait of being catadromous that is spawning occurs in the sea and the 
young migrate inshore to mature in frcsliwatcr The inshore migration 
begins when the sea temperature first readies 8 to 10*C in the spring and 
the transparent 5 to 7 cm long young called chers reach Japanese 
shores in December to April Since Japanese biologists ha\C had scry 
limited success in spawning eels cUers collected at this lime from streams 
and estuaries are the source of stock for culture 
The best runs of ehers in Japan occur in the east central part of the 
counlry in Chiba Ibaragi and Shizuoka prefectures EUers arc perhaps 
more abundant in Taiwan and when m 1969 Taiwanese autlioritics 
relaxed the ban on export of elvers I to 2 million were collected and 
sold to Japanese cuUunsts in addition to those purchased by Taiwanese 
ctl gtowtts In both countries elscrs arc captured in dip nets kept m 
floating baskeu or boxes for 4 or 5 days then transferred to nursery 
ponds where they arc reared for 6 months to 2 years or until they reach 
12 to 15 cm in length before sale to culturists Some Japanese growers 
circumvent this expense by capturing eels of the same size from nvers 
by the use of traps or bamboo pipes 


CULTURE IN JAPAN AND TAIWAN 

REARING ELVERS 

Nursing of elvers in Japan is earned out m two stages First they are 
stocked at a rate of 300 000/ha m ponds 200 m* or less m area After 3 
months the population » thinned and redistributed in 600 m* ponds 
In both types of pond they are fed daily with dried sardines or sardine 
meal sometimes augmented by silkworm pupae Young eels are trans 
ported in very little water in speaal baskets 40 cm in diameter X 20 cm 
deep From 35 to 70 kg of eels may be safely earned in such baskets 
which are stacked one on top of another packed with straw mats and tied 
together Ice may be placed under the top mat during hot weather 






PUTE 1 Eel ponds m Taiwan showing mechanical acralor (Courlesy Ziad Shehadeh 


Oceanic Institute Hai\ati) 


more than 3 ha, but ponds average miicli larger In 1964, 84% of running 
water enclosures were less than 0 8 ha in area, while almost half ot the 
eel ponds were 1 5 ha or larger Running water enclosures are much more 
productive than ponds, and operating costs only about % as much, but 
pond operators are able to make up the difference by maintaining larger 

culture units , , r 

The rate of stocking is determined by the rate of circulation of water 
and vanes from 20 000 to 44,000 eels/ha When common carp are added, 
they are stocked as 7 cm young at 10,000/ha 


feeding 

In any eel culture system, it is primarily feeding which determines the 
success of the operauon The more animal protein that can be supplied 
(at least 50% is essenual), the greater the weight of eels that can be 
produced Food thus accounts for an average of 51 to 55% of the “P^o^es 
of growing cels lor market in Japan, and may run as high ^ 80% 

The traditional foods lor cels in Japan are fresh and cooked trash fish 
silkworm pupae, and, to a lesser extent, earthworms, aquatic worms, and 
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TABLE 1 STOCKING KATE AND YIELDS OF POLYCULTURE PONDS IN TAIWAN, 


WITH EELS AS THE PRIMARY CROP 


SPECIES 

NICHE 

NO 

STOCKED 

SIZE 

STOCKED 

(O) 

SURVIVAL 

(%) 

HARVEST 

(KG) 

Eel 

I’nnapal crop 
heavily fed 

100000 

25 

70 

14,000 

Silver 

carp 

Phytoplankton 

feeder 

8 000 

10-20 

50 

6 000 

Big head 

Zooplankton 

feeder 

1,000 

10-20 

100 

5 600 

Common 

carp 

Utilizes 
excess eel 
food 

32 000 

10-20 

25 

4 000 

Mud carp 

Benthos feeder 

4,000 

— 

100 

1,600 

Stnped 

mullet 

Total 

Feeds on blue 
green algae 

6 000 

151,000 

05 

50 

800 

IFooo’ 

(8,000 kg/ha) 


may also be stocked but the cuUunst will then have two species to feed* 
since few ponds support enough higher plants to satisfy this voracious 
species 

There is a trend in Taiwan toward higher slocking rales of eels A 
large pond such as the one just described would probably now be stocked 
with double the number of elvers (50,000/ha) Ponds less than 0 5 ha m 
area are stocked at higher rales — up to 160 000 elvers/ha The stocking 
rates thus far cited assume that running water can be provided In small 
ponds, artificial aeration by means of pumps or meclianical paddles may 
also be resorted to However some eel ponds in Taiwan are stagnant, 
and oxygen defioenaes may develop Stocking rates of such ponds must 
be less than half those ated 

Shizuoka Prefecture produces about 65% of the eels grown for market 
in Japan Young eels purchased from nurseries are slocked in two types 
of water, ponds and running water enclosures In addition, a closed 
rearculating system of the type developed by A Saeki of Tokyo Unner 
sity, described in detail in Chapter 2, has been tested under experimental 
conditions but has yet to be adopted in practical eel culture 

Nearly all enclosures of both types ha\e walls of concrete, stone or 
occasionally wood They vary greatly in size, from less than 0 3 ha to 
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TABLE 2 

CONVERSION RATIOS OF EEL FEEDS USED IN JAPAN 

and TA1^VAN 

COUNTRY 

FOOD 

CONVERSION 

RATIO 

Japan 

Chopped fish, silkworm pupie, etc 

Sardines 

Artifiaal feed (pellets) 

5 5 1 

5 43-7 16 1 

3 03-4 36 I 

10-15 1 
21-2 6 1 

I 9 1 

Taiwan 

Trash fish. etc. 


Artificial feed (granular) 

Artifiaal feed mixed witli fish liver 


oil 



o£ pellets, contains about G0% fish meal and 2»% 
vitamins, minerals, and so forth It is expensive and while 
sively by the larger culttirists, small operators vary 
plan according to the relative cost of artificial feed and fresh fish 
The artifiall eel feed used in Taiwan (Table 3) is 
and IS of slightly more recent origin, but has already been adopted by 
considerable numbers of cultunsts. who report it to be cheaper, 
to handle, and more sanitary than traditional foods 
Whatever is fed. it is usually presented in baskets 
rather than being broadcast in the pond The rate of feeding should be 


table 3 COMPOSITION AND CHEMICAL ANALYSIS OF THE ARTIFICIAL EEL 


FEED USED IN TAIWAN 


Fishmeal 

Defatted soybean meal 
Yeast powder 
Fidi concentrate 
Starch 

Multivitamins 
Lysine 
Antioxidant 
Binding substance 


COMPOSITION 

65 00% 

1016 
10 12 
5 00 
8 12 
100 
0 20 
0 20 
0 20 


CHEMICAL ANALYSIS 


Crude protein 

51917o 

5 36 

Crude fat 

1603 

Crude carbohydrate 

17 97 

AA 

8 73 

Moisture 
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Plate 2 ^\orkcn removing bottom tcdiment from eel ponds at end of growing 
season Note stones on dykes to prevent the eels from burrowing (Courtesy Ziad 
Shehadeh Ocean c Inst tute Hawai) 

crushed molluslts In Tattvan trash fish are the most commonly used 
food but offal from slaughterhouses and fish packing plants ox blood 
earthworms aquatic worms and small crabs all chopped into small 
pieces are also used Crabs are behesed to be espeaally effectise m pro* 
moting growth Taiwanese eel farmers feed silkworm pupae only m the 
last stages of culture when the fish are being fattened for market. Tor 
this purpose the pupae are soaked in water for an hour or so before 
feeding 

Conversion ratios obtained with traditional foods are extremely poor 
(Table 2) but recently deseloped artifiaal feeds have produced dramatic 
improvement In Japan artifiaal eel feed which is produced in the form 
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5 to 10% o£ the body weight of eels daily, depending on temperature 
Below 8 to 10°C, feeding ceases 

Table 2 shows conversion ratios obtained svith vanous foods If the 
improved conversion achieved with the new artiliaal feeds ^ 
taiLd at low cost to the farmer, the status of eel culture may be radically 

changed 

GROWTH, YIELD, PRODUCTION, AND MARKETING 

Even under optimum "^et “cLnSy 

"^rditoenc'eTL growth between mdividuals 

with the Atlantic species, Angmlla angmlla. some 

their weight, while others, stocked at the same size. S' ' V 

120) and special cropping systems have ^ 

about 30% of the eels --ked -ch the 

"iru^t”;^ n erirtU^nd Of the ^^jear. - the 
eelslre harvested Total survival over the 2 year 
In Taiwan, larger eels, weighing 200 g or 

sumers Eel ponds ^olectively fish^ su^tpecimens mlrketed The 
basis, depending on demand, and all sucn spe 

other species stocked in eel ponds are arves increased consid 

Yields an^d production "’,'“1^03,^^000 kg/ha was considered 

erably in the last decade In the late * v.r.finr»ivp ninnmp 

^ , 1 T T lofit; however the most productive running 

an exceptional yield In 1965, lioue , nvpnrrp vield in 

' 11^ nirrTiit 45 000 Icc/lia, and the average yieiu in 

^valcr enclosures yielded about hi nrhip\pd A 1 

I rhnti the maximum formerly acnie\ea /\i 

.»» P,»?; 

yield considerably, it is still ^ 3 old domestically, mostly 

About 98% of the eels produc^mjapa 

as fresh fish, but also canned or as a iroici i Tliere is a 

mainder of the crop is exported, mostly to western Europe There 

TABLE 4 FRODUenON AND YIELD OF EELS CULTURED IN RUNNING UATER 

enclosures AND PONDS IN JAP AN, 1964 

rr-rr? rROOuenoN yjeid 

•nriEOF (Rc) 

U^61I7 

6&4.845 
1.81O.9G0 


Running waier 

Tond 

Total 
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PROSPECTUS 

It is scarcely accidental that, in Asia, eel culture has developed only in 
Japan and Taiwan, the two wealthiest nations on the conunent Altht^^ugh 
eels are found along the entire west coast of the Pacific and 
the Indian Ocean (as well as on both coasts of the Atlanoc), 
in southeast Asia have been advised against eel culture. The 
objection to eels in that region is that they are extremely wasteful pro m n 
converters, thus not appropriate for culture where supplies of protein 
for human consumption are low However, the greatly '“P™™! C""™ ' 
Sion rates recently achieved by use of dry foods may soon render this 

cultunsts to propagate them in captivity, although A angmllci has re 
portedly been arnfiLlly spawned in France. The logical way to approach 
Sal proprgation oVeels would be ‘ 

habits in nature, but these are little hnown 'em i ^ ' encoun 

it might Drove very difficult to simulate the natural conditions encoun- 
tered^b' ^a catadromous fish If effiaent artificial propagation can be 

achieved, cultured eels may eventually [.JX ee" 

supplies in southeast Asia. Africa, and Latin Ame.ica Otherwise, 

"ill likely remain a luxury food 
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great demand for eels m Europe, which increases as the fishenw thwe 
decline, but Japan has not made a major effort to enter the market 1 o 
do so effectively, Japanese cultunsts would have to grow eels to twice 
the length of the 45 to 60 cm speamens currently marketed 
If the growth of eel culture in Japan has been fast, its growth m 
Taiwan has been spectacular In 1965 122,755 kg were produced, by 
1969 about 2 million kg were being produced annually from about 200 
ha of water, for an average yield of 10,000 kg/ha Taiwanese cultunsts 
have since the beginning of cel culture in the country, grown somewhat 
larger eels than their Japanese counterparts, thus they export a sigmfi 
cant portion of their crop 


CULTURE IN EUROPE 

Imports are not adequate to satisfy the high demand for eels which exists 
in virtually every European country and, as natural populations decline 
due to inaeascd pollution of nvers, interest in culture of the natise 
Anguilla angutUa grows not only in Europe but in Israel and the United 
Arab Republic as well Large numbers of eels are still taken in the Italian 
valli and other Mediterranean lagoons, in practices some of which con 
sutute low intensity aquaculture (see pp 296-302), but intensive eel 
culture 1 $ a new phenomenon outside of Asia 
Commeraal culture is already a reality in the Soviet Union and West 
Germany, where 20-cm elvers are collected along the coast for stocking 
Culture proceeds much as in Japan or Taiwan, but A anguilla is thus 
far reluctant to accept dry food, so trash fish axe fed almost exclusively 
Conversion ratios of 8 to 10 I are realized, but ratios might be improved 
through monosex culture, since females of A angutlla grow much faster 
than males West German researchers have found that the shape of 
the culture enclosure abo has an effect on growth Eels which are olfac 
tory feeders, can locate food more efficiently in long, narrow ponds 
Diseases represent more of a problem with A angutlla than they do 
with A japonica West German biologists refer to a cauliflower' disease 
and a red disease, both of which severely affect growth and, to a lesser 
degree, survival, but no cures are suggested An apparently more senous 
problem occurred m 1957 in the Po River delta of northern Italy, where 
eels constitute 70% of the production of valle fish culture Eels there 
developed heavy infestations of an apparently new speaes of Argulus, 
and production declined by 50% Attempu to eliminate the parasite by 
flushing the valli with large volumes of freshwater were only partly 
successful 
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In 1589, when Henry IV, King of France, promised "a ^ 

pot, - It seemed almost an extravagant oiler Today, in the UnUed State 
and other affluent countries, a pohtiaan making the same ™«ld 

he accorded a blas4 reception, lor, through streamlined production 
methods, chicken has become one of the cheapest meats Tro« >n»y soon 
achieve an analogous position among quality fish products « ready »m 
mercial trout cultunsEs are gaming production levels undreamed of by 
the early hatcherymen, with consequent reduction in cost per unit 

*"ft‘he United States and some European countries trout culture h« 
the longest history of any form of fish culture, due largely t° ‘ 
hnty of trout as a sport fish At least since ‘*’c “PP“r=>uce of Dame Ju 
ana Berners' ' Treatise on Eysshynge with an Ang e m he 
Albans, published in 148G, salmonids have been the Pr“"KC 
freshiiater anglers Unfortunately, since salmonids Pr^rr environments 
which are sterile compared with those favore ) sue i P ' 

sport fishes as the black basses and the pikes, they '•‘ce^o among tlm 
most easily depleted by fishing and other activities of man As early as 
1711,:t^ Stephen Liidwig Jacob, established the -t umit hatdiery in 
Germany, anglers began to depend on cultur.sts to au^en. and too 
often, sLt.tute for natural production in the maintenance of sport 
fisheries 


SPECIES CULTURED 


Tlie most widely cultiireil salmon.d for fishery p r ^« 's -ho 

rainbow irou, (Salmo ga.tdnrr!) Native to the Paafic Coa t dram-iSc, o 
North America from Alaska to Baja California, the rainbow trout has 
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and ,s the most del.cate of the three spec.cs, part.cularly with respect to 
temperature Houe.er, ,t .s preferred by some cu tur.sts where trou are 
sold by ueight rather than length since tt is a deeper bod.ed fish than 
rambotv or broun trout Many fishermen also consider it a superior table 

''^Virtually all large scale commercial trout cultu.e is based on these 
three species, but m regions uhere salmon.ds enter commercial fi^ei.e 
young fish of other species may be cultured and released to supplement 
natural reproduction for commercial as well as sport purposes 


HATCHERY TECHNIQUES 


GENERAL CONSIDERATIONS 

IVhereaer rainbow, brown, or brook trout are raised the 

of spaavmng and hatching are the same In ‘ denosited 

nests, called redds, in streambeds in riffle areas le eggs P 

m these depressions, fertilized, and buried with gravel, 

months later In no instance are cultured trout a lowed to 

manner RaU.er eggs are artificially obtained, fertilized, and hatcl ed, 

resulting m Ltilizm.on rates of nearly 100% and hatching rates well in 

excess o£ those achieved in nature 
In general wild rainbow trout spawn m the spring whereas bro 
troutfnd brool troiu breed mainly m the fall However, strains o these 

species, particularly the rainbow trout, may be f j 

tlcally any time o^ear Some commercial culturists tab advantage oi 

this variability by ™P°"'"S selectively 

=yrirs;rii:^lrspa t.me may - regulated 

by anificL control of the photopenod to simulate seasonal cljge or by 
m,ect.on of pituitary hormones The latter 
much application among trout culturists as among gr 

carp, and some other species u., ™r,»i,,-nllv rnn 

The rate of hatching of eggs appears to e ^ ® p 

trolled and brood stock is carefully selected for 

for production of large eggs Large eggs, which are “ "" 

sue of the female as svell as the genetic strain produce large larvae, 

winch generally exhibit better survival than smaller ones 

s-Aiii tnnmre at the same time ana 

E^cn trout of selected strains do not a rrmupniU so 

during spawning season brood females must be sorted frequently 
•hat the ven rrpesrmlidiials, as determined by how readily eggs coze 
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been introduced as a sport fish to virtually all suitable waters in the 
affluent countries Nearly as much effort has been dcsoted to the propa 
gallon o£ the European l)rov,n trout (Sa/wo trutta), whicli has been is 
tnbuted throughout the Avorltl and has assumed spcaal importance m 
the United States^ sshere it has been the sasior o£ trout fishing in man) 
streams sshich ha\e become too ssarm and/or jxjlluied to support natise 
salraomds The onl) otlier salmonid speaes ssliich has receised com 
parable attention from culturists is tlic brooh trout (Salvclinus fontmnUs) 
Originall) reslncted to northeastern North America, tlic brook trout has 
been introduced sshercser svater temperatures arc cold enough to meet 
its demands, svhich are somewhat more rcstrictise than those of rainbow 
or brosvn trout 

Other speaes cultured for sport fishery purposes on a more limited 
basis include the Atlantic salmon (Salnto satar) of ilic European coast, 
Iceland, and the Atlantic coast of Nortli America from \fainc north, the 
lake trout {Salvehnm namaycush) of northern North America, the ail 
throat trout {Sdlmo dark!) of svcstcrn North America, the Sunapcc trout 
(Salveltnus aureolus) of northern New England, and the most beautiful 
of all salmonids, the golden trout (9a/mo aguaboniia) of California s High 
Sierras 

Among the qualities tliat ha\e endeared trout to sport fishermen is the 
high quality of the flesh Thus it is not surprising lo find that attempts 
at commercial trout culture ssere made as early as 1855 in the United 
States and perhaps earlier m Europe Until rccenil), most of the tech 
mques used m commeraal trout culture were identical to those practiced 
in sport fish hatcheries Though understanding of the rather different 
goals of the two types of trout culture has resulted in considerable differ 
cnees in culture practices toda), the commeraal trout culiunst should 
keep abreast of desclopmcms m tlic sport fish liatclienes, sshere many 
rclesant new desclopmenis occur There is an cxtensisc literature on 
trout culture for sport fishing but this book is concerned onl) ssith com 
meraal trout culture (The reader seeking a detailed treatment of trout 
culture for sport fishing is referred to Trout and Salmon Culture b) Earl 
Leitntz and Culture and Diseases of Game Fishes b) H S Davis) 

Tlie big three speaes m commeraal trout culture are the same 
three favored by sport fishermen but the preeminence of the rambos'^ 
trout IS more solidly established OI all the salmonids none is so amenable 
to captivity or so tolerant of different temperatures, salinities, and popu 
lation densities The brown trout is nearly as adaptable as the rainbow 
trout VMth respect to environmental parameters but is more territorial 
thus does not do as well when cultured at high densities Some abo con 
sider It slightly less desirable as food The brook trout grows less rapidl) 



Plate I Vertical drip salmonid 
o! Natural Resources) 


.ncubation syslem (Courtesy M.chigan Department 


most commercial hatcheries use a tray incubator. This consists 

of metal or fiberglass trays stacked rather like the drapers - ^resser so 

that any individual tray may be totally or e watefhard 

placed r^n trays, a single layer to a tray, as soon as they are water hard- 
I iiuys, u a fa 1 toetil, "ration Eec trays are made of a 

ened— within a tew minutes after fertilization, gg y ^ 35 

special type of wire screen with oblong opening about 15 mm X Ska 
mm. The oblong mesh retains the eggs but permits the elongate alev.ns 

10 pass through. eaes daily and individually remove 

Formerly It was necessary to inspect eggs u 7 

eacli dead one, or else fungus would gain a footliold on 'Eg 

spread to smother adjacent live ones. This tedious task has been largely 
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Irom the fish svhen handled, are spasmed Ovempcncss as ssell as under 
npeness is a problem for trout will seldom release eggs naturall> under 
hatebery conditions Use of osempe or underripe spauners may result 
m loiNCr rates of fertilization and injury to the female 

Not only must brood females be handleti very carefully dunng sorting 
precautions must also be taken vviih ihcir diet Commeraal feeds con 
taming cottonseed meal adversely affect egg production and are to be 
stnctly avoided 

ARTIFICIAL FERTILIZATION 

The process of obtaining eggs and mill is called stripping and requires 
a fair amount of skill to avoid injuring cither fish or eggs In some hatch 
enes injury to the spauners is reduced by anesthetizing them vsith MS-222 
■\Vliere anesthesia is not employed, stripping may be carried out as a 
one man operation, but less fumbling and consequent injury to the fish 
occurs if It is done by a two man team One man grasps a ripe female 
by the caudal peduncle and pectoral fins and holds it over a pan, while 
the other gently extrudes the eggs by applying pressure to the abdomen 
with thumb and forefinger, beginning just forward of the vent and pro- 
ceeding forward to the pelvic fins If the fish is held tad down the eggs 
will flow naturally into the pan Pressure should not be applied fon^'ard 
of the pelvic fins, since this may damage the internal organs Another 
advisable precaution is to wear wool gloves so as to be able to gnp the fish 
firmly Care should also be taken not to break any eggs, as the albumen 
from broken eggs will coat other eggs and inhibit fertilization For this 
reason it is not wise to try to extract every egg from a female. Forcing 
out the last hundred or so eggs increases the chance of eggs being broken 
As soon as a female has been sinpjjed, a ripe male is stnpjied into the 
pan using the same technique. The eggs and sperm are then gently mixed 
to effect fertilization by what is referred to as the ’ dry” method At one 
time, a *wet' method was also popular, in which a small amount of 
water vsas added just prior to mixing the eggs and sperm, but the dry 
method is now almost universally preferred If no eggs are broken it 
IS customary to strip two or more pairs before emptying the pan, to 
eliminate the chance of fertilization not taking place due to a stenle male. 


INCUBATION OF EGGS 

Hatching is best earned out in gently flowing water wath a temperature 
of 8 to IS^C, containing at least 7 ppm of dissolved oxygen Several de 
vices for artifiaally incubating salmonid eggs have been developed, but 




P..ATE 3. Newly hatched trout fry, (Courtesy Michigan Departnrent 


sources.) 


. il.p einrs This provides enough moisture 

and allowed to drip down over the jo not retain water, the 

to maintain the embryos hut, since ‘ . 

eggs must be removed to troughs just ^ j ^ jj piped 

In the vertical dow incubator water ^ „ie bottom, 

from tray to tray in such a aeration Since the trays 

Upwelling through the eggs P™'‘ , ^ ,,,e eggs may be allowed to 

containing the egg baskets ^ ,,ntii they begin to teed, 

hatch and alevins lett in the incu „,her small volume of water. 

Both types of incubator ° ,o accelerate or retard de- 

thus it is economical to “"‘™' P „ays, or about 600,000 to 

velopment. To provide for 20 35 <ot q J precise number 

1,350,000 eggs, HHters/min is considered adequam(^_^ J exceptionally 

of eggs depends on size and may b cultured corn- 

large or small eggs or for "P'”® ,„itl, malacliite green is re- 

mercially.) During ^ .Ussolved in 3 liters of water. Water 

peated twice weekly, using 3.75 g 
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Platx 2 Egg incubation by the jar battery »)«em (Courtesy Michigan Department 
of Natural Resources) 


eliminated by using malachite green to control fungus The first malachite 
green treatment takes place before the loaded egg trays are placed m the 
incubator The loaded trays arc stacked four high in a trough tvith the 
bottom tray supported 25 mm off the floor of the trough Water flow in tlie 
trough IS maintained at 24 Itters/min Each stack of trays is separated 
from adjoining trays by a disidcr The dividers act as baffles to produce 
an upwcllmg of water through each tray The trays are left in the trough 
for about 9 hours, at the beginning and end of which they are flushed 
witli 7 G g of a solution of 43 g of malachite green m 4 liters of water, m 
troduced at the head of the trough At the conclusion of the second such 
treatment the trays are placed in the incubator During this and all sub- 
sequent operations until hatching the eggs must be covered, since expo- 
sure to light may result m premature hatching or death 

Two types of maibator arc used In the dnp incubator egg trays are 
altemal^ with perforated metal trays Water is introduced at the top 
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Salmonid eggs are extremely ^''^[‘"f^ndHng^dunng the first 

development, but they are quite toler ^ ^ 

48 hours after water h^dening and aga‘ ' ^ 

referred to as eyed as soon as the eye o .^^^prititres Except for 

about 2 to 3 weeks after fertilization at norma Sjppjng Eegs which 
«tremely short journeys, eyed ^ they L Ls likely 

m even the best shipping those used in hatching 

Salmomd eggs are shipped >" \ j he applied en route, all 

Since malacliite green treatment can J PP The first step 

dead eggs must be removed to prevent die p 



Platt 4 Newly hatched trout fry (Courtesy Michigan Department of Natural Rc 
sources) 


flow IS reduced to 8 Itters/min during treatment and the solution is al 
lowed to dnp m at about 30 ml/mm for 1 hour 
The rate of hatching is determined by temperature Table 1 shows 
hatching rates for the three commeraally important species 

SALE AND SHIPPING OF EGGS 

Some cultunsts grow iheir own stock through all phases of the life cycle, 
but not a few hatcheries speaahze in egg production since, perhaps due 
to the presence of trace elements or other solutes, certain localities seem 
better suited to produang high percentages of \iable eggs Markets for 
eggs include not only commeraal and experimental cultunsts around 
the world but also stale fish and game departments in the United States, 
some of sshicli are not able to produce eggs as cheaply as commeraal 
cultunsts 
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trout streams is retarded by warm water in summer and/or cold water m 
Winter 


COMMERCIAL TROUT CULTURE IN THE UNITED STATES 


WATER SUPPLY 

Illustrative o£ the potential ot trout cultnre 

IS the world s largest trout farm, the Snake iver Erkins 

rated near Buhl, m southern Idaho The owner o fa™, Bob Erkins 

has tapped natural springs wind, supply lum with 240,000 ' 

isothefmal 15"C watL Erkins believes a large part of 1- 

to this water supply Certainly it has playe a ro e ™ ^ P^ 

erty the richest food producing acre m the wor other 

houever, for the same water source has been an is s kg/vear 

culturists who do not approach Erkins’ production 

with 10 acres of land This amounts to 12% of ‘“"’United States 

production ot trout The following comments on “ pvnerience 
hire m the United States are drawn largely from Erkins experience 

STOCKING DENSITY 

One of the first departures from tradition made by Erkins 

density It had formerly been generally believed tia however, 

good growth trout had to have considera e ro ,„„fer stock 

recognized that since trout culture is carried out in o g ’ j 

mg rates should be dependent not on the volume of water in 

at a given moment but on the volume flowing through that enclosure 

a gucn tune whiclt is a function of current ve vplocitv is is 

M the present time determination o^opumumc 

might grimr^oivdi will be used up m rule°orthumb; 

slack water results in the accumulation o w mnlete exchange of 

current should be sufliaent to provide at least one complete exchange 

uater per hour i „„v be held in a given enclosure depends 

The amount of trout which ”"7 ^e he stocking rates 

on many factors in addition to volume ° A well 

must hi empirically determined h, the ‘"f '“„rLgtl.n^^ 
managed farm should be able “> marketable size 

Erkins gauges Ins operations to produce a 
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TABLE 1 RATE 

OF HATCHING AT DIFFERENT TEMPERATURES, 

OF Fi5CS OF 

RAINBOW, BROWN 

, AND BROOK TROUT 



TtVtPERATURF 

DAYS TO 

SPECIES 

(•c) 

IlATatlNC 

Rainbow trout 

4S 

80 


73 

48 


10 0 

51 


120 

24 


157 

19 

Brown trout 

17 

156 


45 

100 


73 

&1 


100 

41 

Brook trout 

17 

144 


45 

103 


73 

63 


10 0 

44 


120 

35 


m this process is shocking,' which amounts to nothing more than agitat 
ing the eggs Mgorouslj enough to rupture the )olk membrane of any 
infertile eggs but not seserel) enough to injure siablc eggs After shock 
mg dead eggs turn white and can be indisidually remosed by siphoning 
The trays are then stacked one on top of another in a plastic bag sMth 
one or two trays of some absorbent matenal on the bottom and a tray of 
ice on lop Fggs must be kept moist during shipment, but water is not 
added because, without aeration, it ssould result in smothenng the eggs 
When so packed and placed in some sort of rigid container with good 
insulating properties eggs may be shipped anyssliere in the world 
Alesins are held in egg trays or in concrete or aluminum troughs until 
the yolk sac is absorbed. Water floss is maintained at about the lesel 
used for hatching Once the fry become free sssimmmg the water supply 
becomes crucial to the success of the operation This is the principal 
reason that large-scale trout farming is confined to a few areas, most re 
gions of the world cannot offer water m the quantity and quality needed 
for commercial trout culture The minimum acceptable flow is about 
3600 hters/mm and considerably more is preferable Ideally, the ssater 
should be isothermal between 10 and IB^C base a pH of 7 0 to 8 5 
contain at least 50 ppm of dtssohed solids and 5 ppm of dissolved oxygen 
and be free from pollutants Surface water may meet most of these re 
quirements but is almost never isothermal Growth in even the best of 
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Plate 7 S ze grading trout (Courtesy Michiga p 

trout per liter o£ water per minute Beginning culiurists should 
the low side and aim for 1 5 to 1 8 , 1 ,^ weight 

Since the holding capacity of an “ n^essary to periodically thin 
rather than tlie number of fish m it i thinning the 

out stock if growth is to be maintain die fish and produce 

stock IS sire grading to equalize e by netting the fish 

more uniform fish at harvest time 

and placing them in a box with a sla yv.th small fish the 

between the slats svhile the larger onra ^ 

process may be accelerated by lifting the grader out of the wa 

‘"s h rated eraders The Murray 

Some sport fish hatcheries use more sop necessitating removal 

Hume automatic grader has the advantage of ^ 
of the fish from the water It ^^^/““"eletermined distance 

upstream until they meet a series of bam set^^ V ^ 

itpart The smaller fish pass through, t groups 

Other grading devices which sort s i conventional graders 

consist essentially of nothing more than a sen 







Plate 6 ActJal aIcw oi SnaVc Riser Tro il Co (Courtesy Robert A Etkii s) 
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Plate 9, Outdoor raceway culture ot trout fingcrlings. (Courtesy Mich ga P 
tnent of Natural Resources.) 


against disease which is necessary in some " t 

ways and ponds o£ concrete. In areas where disease i 

km, earthen ponds have their proponents, w lo c earthen 

substantial benefit from natural food organisms pro 

'’'’Se constructing any sort of trout I'i^mter 0^0 

mined whether the site is suitable. The soil s ou j 

suitable for concrete construction. S’°P' ° for a vertical drop of 

<0 permit an adequate flow of water an osed to hold trout. 

« least a few indies at the inlet of each ovygenation at all 

The latter precaution is needed to insure adequate oxyge 

times. 
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Plate 8 Weighing ^oung uoul (Courtesy Michigan Department of Natural Re 
sources) 


POND AND RACEWAY CONSTRUCTION 

Raceways 25 to 35 m long, 3 to 10 m wide, and 0 7 to 1 0 m deep are 
preferred to tsider ponds of other shapes for reanng fingerlings Not 
only IS It easier to maintain a satisfactory flow of water m raceways but 
eddjing is reduced Lack of eddies allows continuous flushing of met 
abolic svastes winch may not only cause oxygen depletion and increase 
the danger of disease but are claimed to be responsible for the hatchery 
taste of some cultured trout Where it is possible to proside rapid enough 
excliange of ssater, larger ponds (up to 3 acre feet) may be used as finish 
mg ponds to grow 15 cm fingerlings to marketable size 

Raceways and ponds should be so constructed that no pond flows into 
another pond and any pond can be drained individually Not only is 
this more convenient for the cultunst, it prevents the passage of metabolic 
wastes and disease organisms from pond to pond Another precaution 
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particularly cheap source of meat or dsli, prepared dry foods pay for 
themselves in convenience 

Erkins was one of the first commeraal trout culturists to convert to 
an exclusive diet of dry feed The feed he adopted in 1953 contained 
wheat, fish meal, whey, cottonseed meal, and yeast Since then a num er 
of feed companies have come out with trout pellets containing as many 
as 30 to 40 ingredients, including vitamin Bij, antibiotics, and even 
papnka, to bring out the red spots of brown trout and brook trout Most 
American trout farmers have followed Erkins' lead, thus t le “ '7 

has vigorously attempted to improve trout feed ormu as us wor 
continLs even though existing feeds have produced conversion ratios 
as low as 1 5 I in commercial culture and 1 13 1 m experimental culture 
ot fingerhngs Table 2 lists guidelines for trout feed as determined at le 
U S Fish Farming Experimental Station in Stuttgart, Arkansas 

In practice, great variation is to be found in the protein conten o 
trout Lds In areas where there is a cheap and abundant supply of fish 


TABLE 2 GUlDELtNES FOR COMPOSITION OF TROUT FEED, AS DETERMINED A 
the U S FISH FARMING EXPERIMENTAL STATION, STUTTGART, ARKANSAS 


COMPONENT 

Total protein* 
Carbohydrate (allowable) 
Fat 
Fiber 


AMOUNT 

35-40% 

30% 

8 - 10 % 

4 % 


Vitamins per ton of feed 
Vitamin A 
Vitamin Dg 
Vitamin E 
Raboflavin 

D calcium pantotlienate 

Folic acid 

Niaan 

Choline dilonde 
Vitamin Bjg 
15 biotin 
Ascorbic acid 
Thiamine hydroclilonde 
Fyndoxinc hydroclilonde 
“ To include at least 50% fish meal 
SOURCE Meyer (1969) 


3 000,000 USP 

640.000 IG 
216 000 lU 

100.000 mg 

48.000 mg 

80.000 mg 

500.000 mg 
1,000,000 mg 

20 mg 
400 mg 
240 mg 

60.000 mg 
- 20,000 mg 
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Plati 10 Feeding irout fry on ground liter {Courtesy Michiean Department ot 
Isatural Resources) 


FEEDING 

Early trout cultunju usually (ed bee! liver or ground low-grade beef, 
and these foods may still be in use in some places Fish offal has also been 
used but has often been associated with disease problems Nevertheless, 
one of the most successful American trout farms Trout Lodge Springs 
Hatchery, near Ephrata Washington, feeds mainly ground carp and 
salmon cannery waste and has not cxpenenced excessive disease prob- 
lems Diseases or no, unless the cultunst is able to take advantage of a 
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In feeding very small trout it may be necessary to 
to produce tiny particles. Grinding entails both ^ 

actLn. Crushing breaks dotvn cell walls „£ 

ceptible to leaching by the water, thus should be minimized m favor 

™Sested daily feeding portions are shown in Table ^ 

shouw be divided into three or four daily feedings ^ frf.J 

many as ten feedings. ^ true for larger 

by the appetites of the smaller ^ f °”Pj° excess may result in 

rate and create a more uniform product. F , , ,,n,-fnrmitv and is 

slightly improved growth, but only with t le oss 

unlikely to compensate for the increased expen i ur . salmonid 

AmJresophiLated feeding ^id. ^ 

species, and taking into ,i,e New York State Con- 

diets, was developed by D^id C- ” f ' ^edified form of Haskell’s 
servation Department. Table 5 is a shg y temperature 

guide. Before using it past records of trout gr follows: 

must be consulted to compute a "hatchery co 

Instruction for Use of Feeding Guide 
I. For hatcheries svith constant water temperatures. 


A. 


L.-U 


days in period 


_= L 


where: ~ length o£ fish at beginning oE period, 

= length o£ fish at end of period, 

L = daily increase in lengtli. 

B. hatchery = the 

Note: Choice of a conversion should be 

teed manufacturer or opp“be the appropriate 

C. Enter the feeding guide under PP 

constant and read the percentage of ^ for eacli species 

IS necessary to calculate ‘latcli^ temperature, 

or strain, as long as there is no cliange m 

n. For hatcheries with variable water op^ 

A. Determine average monthly water month (TU — average 

B. Determine temperature units for tlie 
monthly ivater temperature minus 38.6.) 

C. Determine the length increase per mon 
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or meat trout diets may contain as much as 60% protein On the other 
hand in the United States the tendency is to try to maximize profits by 
getting along with as little protein as possible Some authorities have 
suggested protein levels as low as 20% 

Just what IS the minimum amount of protein required to maintain 
trout growth and energy is not known Research at the U S Bureau of 
Sport Fisheries and Wildlife s Eastern Fish Nutrition Laboratory at 
Cortland New York indicates that substitution of carbohydrates for 
protein as an energy source which has been effective with some speaes 
of fish does not work with trout but that under some arcumstances 
small amounts of fat may demonstrate a proiem-sparing action 
Another Snake River Valley cultunst Thorleif Rangen of Rangen 
Inc IS approaching the problem of eomomical trout nutrition by at 
tempting to develop a high protein diet which contains little or no animal 
matter yet produces conversion ratios near 1 1 Thus far 100% vegetable 
foods have been found lacking in essential amino acids but chemical 
experiments with amino aad sysnihesis and the success of horticulturists 
in selectively breeding corn with ten times the usual amount of lysine 
and tryptophane suggest that Rangen s goal may be auainable 
Whereas the same feed formula may be used for trout of all sizes 
particle size and rate of feeding vary according to the size of fish Table S 
shows the size of food particles (commercial size designations) recom 
mended for various sizes of trout 


TABtX 3 PARTICLE SIZE OF DRY FOOD RECOMMENDED FOR FEEDING TROUT 
OF DIFFERENT SIZES 




(STANDARD COMMERCTAL 


DESIGNATIONS) 

SIZE OF FISH 

1 

4 224-2 816/kg 

1 and Z mixed 

2 

2 and 3 mixed 

3 

3 and 4 mixed 

4 

4 and crumbles mixed 

Crumbles 

Crumbles and 3/32 in pellets 

2 992-2 464/kg 

2 840-2 n2/kg 

1 936-1 056/kg 

1 232- 704/kg 

880- 352/kg 

528- 352/kg 

528- 176/kg 

352- 106/kg 

mixed 

176- 70/kg 

24 cm pellets 

70- 20/kg 

40 cm pellets 

20/kg and larger 


(continued) 
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660 
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5 70 

6 00 
6 30 
6 60 
690 
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ABL E 5 (continued) 
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I> TUImo^a, ^ 

length inacise/montli 

Repeat this procedure lor a num!>er ol months to ohiatn an ascrage TV 
per mch of gros^th 1 his figure should remain constant for an) F*^**^**]^ 
speaes or strain of trout, ssilhin the tcmjicraturc range of 3S 6® to f.U t, 
as long as the diet is not changed or ilic fish do not become stressci 


E. 

Projected daily length increase — 


expected TV /month 
rUf\T\ of groHth 


F Follou I B abosc 


30 tlays 


GROWTH 

Depending largel) on diet and temperature, marketable size trout (20 
to 35 cm in the United States) can lie produced in 7 to H monilis o* 
intensise culture, starting ssiih the egg A less culturists specialize nt 
rearing 2 5 to 10 5 cm fingcrbngs for sale to other trout farmers Grossth 
18 fastest during tfie fingcrltng period, thus such ailtunsis may produce 
salable fish sviihm 1 to 8 months 

DISFASES 

Due to the relatisely long history of salmonid culture, a comparatis'Cly 
large amount is knossai about ilic diseases of these fishes Hosscscr, there 
has been too mucli cmpliasis on cure and not enough on prescniion 
Further, money has literally been thrown dovsai the drain by the needless 
application of medication The follosving hygienic measures should be 
applied by csery culiurist 

1 Limiting shipping of live trout at all stages Not only is there the 
possibility of infecting ones own stock wiih someone else’s disease or 
contaminating a disease resistant strain, but diseases may be introduced 
to new parts of the Viorld A number of diseases which create problems for 
American trout cultunsts are sirtually unknowm in Europe and 'icc 
sersa 

2 If trout are purchased from another cuUunst, demand a patholog 
ical inspection of the stock. 

3 Quarantine ail diseased fish in ponds sshidi are not connected with 
enclosures containing healthy fish 
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4 Use disinfectants on ponds, nets, and all equipment exposed to 
disease 

There is still much to be learned about the diseases of salmonids and, 
while \anou 5 govemment agencies are doing then share, it would be 
hooie the large commeraal enterprises to involve themsehes in pathology 
researcli No one is better equipped to understand the problems of trout 
culture than the culturist himself 


HARVEST AND PROCESSING 

As mentioned, there is a considerable marVet for trout eggs and some 
opportunity for sale of fingerlmgs, but the primary product o men 
trout culture is edible size trout Some of these are sold or stoc ing in 
fish-out ponds where the public is allowed to angle for tiem or a ee, 
but most are processed and marketed iced or frozen ma lan tro 
farmers are also considenng offering smoked trout , i « 

Small farmers may sell tlieir crop to a central processor, but S 

enterprises usually do their own processing The most hig i y mec 
operation of this sort is Erkins After harvest by seining or pon S 

the trout are transported to the processing plant in speaa 
tank trucks with an oxygen circulating system (Rangen, 
neered a double floored tank truck Since during transport the t mi 
congregate near the bottom, this has doubled the carrying P ^ ) 
Uimn entenng the plant, die trout are killed by electrociilion to 
lactic acid, graded — by machine — tor the last lime, an pass • 

Erkins innovation called an Ev.scerator, svliich can 
>>P to 56 troul/min, leaving heads and tails iniact After a ’I 
cpection, the fish are prechilled and given a final washing i 
refrigerated water, boned, packaged in individual polye > ^ 

frozen at —2Z°C No trout spends more than 30 min r p 
freezing room, thus ensuring a high quality product 


I'ROSPECTUS 

Tl-c Snake River Trout Company and other American produces fum 
cevseil 5 0 million kg of iioiit in 1969 The "'^"rstn u 

die norihem and western stales, but the greatest Pow ' climate 

"'ttenily occurring in .he smuhern stares where, 
too uarm to support salmonids in streams there arc 
old isothermal springs suilabic for trout ciiluirc 



TABLE 6. STOCKING AND FEEDING SCHEDULE FOR RAINBOW, BROWN, AND 


brook trout in 

JAPAN 




LENGTH 

OF FRY SIZE or POND 

M) (H=) 

DEPTH 

OF POND 
(M) 

NUMBER 

Or TROUT 

FEED 

than 2,5 





(sac fry) 

1.4 

03 


None 

2.5- 3 0 

1 4 

03 


Fresh animal spleen and 
Ii%er cnished into a 
juice, earthw'oiTOs and 
Ganvnarns may also be 
fed 

3 - 5 

1.4 

0.3 


Cattle liver — 50%, meat 
or fish powder — 20%, 
cliopped fish — 10%, 

live clirysalids — 20%; 
all ingredients chopped 
and kneaded into a soft 

mass 

5 - 7 

42 

0.4 

10,000 

Chopped fish — 40%, li\e 
chrysalids — 40%, cattle 
liter— 20%; scattered 
on surface 

7 -9 

SO 

065 

10,000 

Flour, rice bran, and 
greens — 20%, various 
animal foods— 80% 

9 -15 

210 

1.0 

10.000 

Flour, ncc bran, and 
greens — 20%, \arlous 
animal foods — 80% 

15 -20 

400 

1.3 

10,000 

Flour, rice bran, and 
greens — 25%. various 
animal foods — 75% 

20 -25 

400 

1.3 

400 

Flour, rice bran, and 
greens — 25%, sarious 
animal fomls — ^75% 

25 -30 

400 

1.3 

200 

Flour, rice bran, and 
greens — 25%, > arioui 

anim.ll foods— 75% 

30 -10 

400 

1.3 

100 

Flour, rice limn, and 
greens— 25%. ' arioui 

animal fcKxli — 75% 


•(55 
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T^so factors impede further growth of commeroal trout culture 
United States One is the lack of aggressive and imaginative niar e 
vihich has long characterized the American fishery and fish cultur 
dustnes The other is competition from other countries which ^ 
to supply trout to the American market cheaper than domestic pr 
Most notable in this respect are Denmark and Japan the only two 
tries which produce more trout than the United States (10 0 milho*' 
and 5 1 million kg in 1966 and 1967 respectively) 


COMMERCIAL TROUT CULTURE IN FRESHWATER IN JAPA^ 

Culture of rainbow, brown and brook trout in Japan m most 
does not differ essentially from that praaiced in the United States 
ever, fiy are kept m shallow running water ponds wTth a la^er of ^ 
on the bottom All life stages receive a diet different from that I 
where (Table 6) . 

Diets fed to larger trout vaiy, but the optimum food is consiu ^ 
contain 60% protein 25% fat, 10% carbohydrate 5% 
variety of vatamins The diet of trout of all ages is supplemented y 
insects lured into the ponds at night by lamps 


TABLE 6 STOCKING AND rCEDlNG SCHEDULE FOR RAINBOW, BROWN, AND 


BROOK TROUT IN JAPAN 




LENGTH 

OF FRY 
(CM) 

SIZE OF POND 

(m2) 

DEPTH 

or POND 
(M) 

NUMBER 

or TROUT 

FEED 

Less than 2 5 





(sac fry) 

1 4 

03 

— 

None 

25- 30 

1 4 

03 


Fresh animal spleen and 
liver crushed into a 
juice, earthworms and 
Garnm^lru^ may also be 
fed 

3-5 

1 4 

03 


Cittle liver — 50%, meat 
or fish powder — 20%, 
diopped fisli — 10%, 

live dirysabds — ^20%, 
all ingredients diopped 
and hneided into a soft 

miss 

5 - 7 

42 

04 

10,000 

Chopped fish — 40%, live 
dirysalids — 40%, cattle 
liver— 20%, scattered 
on surface 

7-9 

80 

0 65 

10,000 

Flour, rice bran, and 
greens — 20%, various 
.mimal foods — S0% 

9 -IS 

210 

I 0 

10.000 

Hour, nee bran, .and 
greens — 20%, various 
animal foods — 80% 

15 -20 

400 

I 3 

10,000 

Flour, rice bran, and 
greens — 25%, various 
animal foods — ^75% 

20 -25 

400 

1 S 

400 

Flour, ncc bran, and 
greens — 25%, various 
animal foods — 75% 

25 -SO 

400 

1 3 

200 

Flour, rice bran, and 
greens — 25%. various 
animal foods — 75% 

50 -10 

400 

J 3 

100 

Flour, ncc bran, and 
greens— 25%. various 
animal foo<ls— 75% 




434 AQUACULTURE 


COMMERCIAL TROUT CULTURE IN DENMARK 

AD\ANTAGES ENJOYED BY DANISH CULTURISTS 

Denmark is not tasored nith an abundance of isothermal springs, so the 
efficiency of Danish trout culture can never approach that of the best 
American farms but Danish cultunsts do enjoy a number of advantages 

1 They are so far able to operate with earthen ponds and not suffer 
severe disease problems Thus construction costs are far less than in the 
United Stales Danish cultunsts also assert that earthen ponds produce 
tastier trout 

2 The nearby Baltic Sea and North Sea fisheries provide an excellent 
source of cheap food in the form of trash fish 

3 The proximity of trout farms seaports and research stations in a 
small country with excellent roads minimizes transportation expenses 

4 Other industries and the gotemment have taken an active interest 
m trout culture 


WATER SUPPLY 

Due to the scaraty of spring water, Danish trout cultunsts are forced to 
rely upon surface water Unpolluted streams are abundant only m one 
area of the country, Jutland and virtually all of the 600 or so Danish 
trout farms are located there Tlie produce of these farms includes li'C 
and iced trout for sale in Europe frozen fish for overseas export and 
canned trout Over 90% of the production of edible size trout is exported 
Not all the farms include hatchery faalities and some of the smaller 
operations speaalize in produang eyed eggs fry and fingerlings The 
majonty of the eyed eggs exported are brovsn trout but 85 to 90% of 
the edible size fish produced are rainbow trouL 

HATCHERY TECHNIQUES AND FRY REARING 

Hatchery techniques are essentially the same as those practiced m the 
United States Unlike fingerlings and adults fry are kept in conaete plas- 
tic, or fiberglass tanks up to the size of 5 cm If kept m earthen ponds fry 

are susceptible to whirling disease caused by the sporozoan /.en/ospora 

cerebrabs Young trout are not kept m this sort of container past the fry 
stage because it is believed to render them more susceptible to fin rot 
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tedder for 
Wid F.$h 


E Outlet Channel 
F Fi$h Screen 


Flc 1 Layout of a Danish trout farm (Atlcr 
Brcgnb0lle 1966 ) 


parm layout and pond construction 

A typical Danish trout farm might be constructed as 

A stream is dammed (the cultunst is legally responsi c ,-rics of 

lo tile stream bank or to svild fish slocks) and discrtet in ° 

ponds (an aserage farm would consist of 35 to CO pon s rat rcntml 

sHoun here), each 30 m long X 10 to 12 m wide, conncctc • 

outlet channel Production area is increased by ,h%cisc is 

let channel, which is screened off from the stream T le t anger 

lessened by stocking the ponds at densities considerably lossc 

tuctl in the United Stales 

■>roHt in ponds arc fed nrnnly im mincctl nsh. 

"It H herring arc used for a prolongctl pcriot |,.droclilondr) to 

""■'I occasioinlly add a little Mtimin Hi ,,\iianliii Di fry 

'ountcnct the thiaminasc in licmiig. sthtch brea ' ‘ Itoh 

>«tU are fed a dry foot! sshtcli allhotigh more exi-emtse 
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fish, IS made in Denmark using Danish fish meal and is still relatively 
cheap Increasing use is being made of pellets for fcetlmg fingcrlings and 
adults as i\ell The trout are fed as much as they will cat as long as the 
water temperature remains below 20‘’C 

GRO^VTH 

Conversion ratios are high — 5 1 to 7 1 — and growth is slow by American 
standards Fry hatched in March or April will reach 8 to 15 cm by No- 
vember, but then growth practically ceases for tlic winter The amount 
of time required to reach marketable sire vanes greatly as the 15 or more 
countries to which Denmark exports dider greatly in the sue of trout 
preferred, but virtually no trout younger than 14 months are marketed 
and some must be retained for 2 years before being sold 

TROUT farmers’ ASSOCIATION 

Danish trout farmers maintain direct tics with trout research through a 
research station established by an assoaation of trout farmers Initially 
the farmers sustained all tlie costs, but now the government pays the wages 
of the scientific staff Opinions differ as to the value of the association, to 
which most of the nation’s trout cuUutists belong One of its pnnapal 
functions is to diagnose and treat diseases, and many farmers undoubtedly 
find It comforting to have a trained biologist at their beck and call to 
attend to sick fish However, some obsersers have suggested that the time 
spent running back and forth to fish farms might better be spent m re 
search aimed at increasing production 

MARKETING AND PROSPECTUS 

One thing the assoaation docs not do is act as a sales organization An 
other group has been formed for this purpose but only 35% of the farm 
ers belong The rest market their fish through various export firms 
Better marketing organization might benefit the Danish trout culture 
industry, but only if production is inaeased Increased production wH 
come only as a result of improved techniques or expansion into brackish 
and salt water, since virtually all the suitable freshwater is being used 

TROUT CULTURE IN BRACKISH AND SALT WATER 

BRACKISH AND SALTWATER TROUT FARMS IN DENMARK 

Both the Japanese and the Danes base limited supplies of freshwater 

available for trout farming, so it is not surprising that these two countries 
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have pioneered culture o£ these extremely euryhalme fishes in brachish 
and salt waters Already there are eight productive Danish trout farms 
located on a fjord where salinities reach 10%„ or more, as well as one 
which uses sea water o£ about S0%o salinity The water supply for t esc 
farms is driven through the ponds by a turbine or propellor The low 
sea temperatures in winter raise the danger of mortality, so t at res i 
ivaier must be used 


SALTWATER TROUT CULTURE IN JAPAN 

The warmer waters of Japan have permitted one farm, located on Okachi 
Bay, Miyagi Prefecture, to take the process one step further One year o 
rainbow trout about 23 cm long are acclimated to sea water, sto e in 
huge floating net cages anchored about 150 m from shore, an et on 
pellets containing fish meal, starcli, and vitamins At the end of ihom 
9 months they have reached a length of 40 cm and are mar ete 
trout of course derive a great deal of nourishment from t ic sea, 
conversion ratios are actually less than 1 1 Net ^ ^ 

employed to grow brown trout and rainbow trout off ^ 

way, Atlantic salmon and rainbow trout off Scotland, ant ^ 
successful experimental use m freshwater willi brook trout in y 


LOW INTENSITY TROUT CULTURE 

^UARINE CULTURE IN DENMARK 
Most brackish and saltwater trout culture schemes are less 
diosc just described One of the most successful is lint cam I 

Dantsh Mmtstry of Ttshenes which, m 1963, with the 
the Danish Sport Fishermens Assoaalion, bepn 
adapteil two year-old brown trout into fjords It was lojie 
"ouUl rematn in the fjords for a year or so, fattening 
>^et with no further input of money or labor and be eatcl.able in siilfiaeut 

floamuics to pay for the operation ^„„nfTiiraiiom 

The initial releases look place in ciglii fjords o for^lhc most 

•n ihrcc which were relamel) closcil and shelter ranidly, and 

pan remained within 12 km of the release siic, grew JT cnoiigli 
"ere recaptured a year later by commcraal fis ' , rearing and 

"'imhers to yield better than 100% profit oicr ' svliai 
'tocling Ecological rcscarcli conlimies with t m ai 

inn ol tjord is most conducive to IFn'iniB ^ nmisli csuiarinc 

"ad, been esuma.eil dia. 2'.% of dm 220 000 lia of Danish cs 

I'aien arc Mutable for this son of ciiliurc 
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Experiments are also being conducted to determine the feasibility 
of stocking one year-old fish ^fo^t'lhly would surely be higher, but rear 
ing costs would be reduced Growth would also be enhanced, since two 
year-old fish reach sexual maturity during their year in the sea Thus 
much energy that might have gone into growth is diverted to maturation 
By stocking one year-olds and harvesting just before the onset of matu 
ration this problem could be circumvented 

SALTWATER CULTURE IN JAPAN 

Japanese biologists have tested a more sophisticated version of the Danisli 
technique which might be applicable in a wider variety of waters Rain 
bow trout, while being acclimated to sea water, were trained to associate 
the sound of a buzzer with feeding at certain hours When the trout were 
acclimated to full strength sea water they were placed in the sea m a net 
cage off Takamatsu on the island of Shikoku Training was continued 
using an automatic feeding device When they were thoroughly trained, 
the net cage was removed and the trout set free to roam the sea at will 
However, they continued to return daily to be fed Reinforcement of the 
learned behavior was continued until the trout were harvested 
Using this teclinique it was possible to harvest 1 2 kg fish after a year 
mil 2 0 to 2 5 kg fish after 2 years The fish used in the experiments were 
II special fast growing strain developed at tlie University of Washington 
(Details on selective breeding of trout follow ) Nevertheless it is truly 
remarkable to achieve such growth using inexpensive methods The 
process might be intensified by training different species strains or age 
groups of fish to feed at different times of day and to respond to different 
wavelengths of sound 
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Experiments are also being conducted to determine ilic fcasibihtj 
of stocking one>ear-old fisli Mortality should surely 1)C higher, but rear 
ing costs ssould be reduced Gros^lh would also be enhanced, since two- 
year-old fish reach sexual maturity during their year m the sea Thus 
muclt energy that might base gone into growth is diverted to maturation 
B) stocking one year-olds and harvesting just before tbc onset of matu 
ration tins problem could l>c arcumventctl 

SALTSVATER CULTURE IN JAPAN 

Japanese biologists have tested a more sophisticated version of the Danish 
technique which might lie applicable in a wider variety of waters Ram 
bow trout, while being acclimated to sea water, were trainetl to associate 
die sound of a buzzer vvitli feeding at certain Iioiirs When tlic trout were 
acclimated to full strength sea water they were placed in the sea m a net 
age off Takamatsu on ilie island of Shikoku Training was continued, 
using an auiomalic feeding device When they were thoroughly trained 
the net age was removed and the trout set free to roam tlic sea at will 
However, Uiey continued to return daily to be fed Reinforcement of the 
learned behavior was continued until tlic trout were harvested 
Using this technique it was possible lo harvest ) 2 kg fish after a year 
and 20 to 2 3 kg fish after 2 years Tlic fivli used in the experiments were 
a speaal fasi-growmg strain developed at the University of ^\'a 5 hJngton 
(Details on selective breeding of trout follow ) Ncvcrtlieless, it is truly 
remarkable to achieve such growth using inexpensive methods The 
process might be inicnsificd by training dillcrcni spcacs strains, or age 
groups of fish to feed at different times of day and to ics|x)nd to different 
wavelengths of sound 

FRESHWATER CULTURE IN CANADA 

Low intensity methods may also be effcaivc in freshwater For example, 
in Manitoba and Saskatdiewan wheat fanners, who have long unsuccess 
fully tried to drain the many small, sfiallow, unproductive lakes, or 
potholes, which dot that part of Canada, now stock them with rainbow 
trout Fry purchased from hatchenes and stocked in the spnng exhibit 
survival rates of up to 69% and average about 28 cm m length when 
harvested in the fall Supplementary feeding i$ not necessary, since the 
trout nourish themselves on the abundant crustacean Gammarus lacuslris 
Predation is no problem since the lakes freeze solid m winter, and thus 
support no permanent fish populations Tlie dollar return of this ex 
tremely simple form of fish culture is about two and one half times as 
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mud. per hectare as the leturn to wheat farming Total 
m the region is expected to eventually increase to 4 5 million fish/yea 

CULTURt, or ANADROMOUS SALMONIDS 

TO SUPPLEMENT FISHERIES 

As mentioned, all salmomds are highly euryhahne, 5 “” 

species exhibit anadromous traits wherever t ley lave 
By far the most important anadromous felnm 

of commercial fisheries or fish gl but 'some anadromous 

Oncothynchus), which are treated in Chap . , 3 , luiman 

species of Salmo, Salvebnus, and Thymallus are a ' P ^ op,, 

lood By far the most studied of these, ‘I- “.^^TroCs" 
lanty with sport fishermen, are Atlantic salmon Both 

of which IS often referred to as steelhead, a tn auement sport 

are extensively propagated in ^^y for steelhead, but 

fisheries There is at present no commercial V -.opagated tor 
Atlantic salmon are fished commercially in Europ • j pf tins 
that purpose in several countries The gieatest - - and 
most difficult of all salmon.d species has been ac 
Sweden In Iceland 7 0% of stocked smolis (yoi ng . 
grate to sea) return to the fisheiy, averaging “ damming of risers to 
recently the Sivedish fisheiy svas threatened y jp|ppd and at least 
produce hydroelectric power Nosv the fishery j* ‘ q fiatched 

20 % of the catch is derived from lntcliei 7 raise p,pp,sh fisheries 
HI Suedish hatcheries also contribute to Dams i etem is attributed 

A large pan of the success of the Swedis subsidiary of Astra 

lo the development by Aktiebolagct Ewo ' . /Xable 71 acceptable 

Pharmaceutical Products, Inc , of a special dry pellets This 


Plnrmaccutical Products, Inc , of a special c y t pellets Tins 

>o Atlantic salmon, which usually ictuse conven ,ppQ\ jjgj also been 

which incorporates fish protein ^ j Iishenes and Game 

found suitable by the Maine Department o " ‘ trout, 

for rearing the landlocked strain of Atlantic salmo , . 

"liich present similar feeding problems cctrs from Canada 

Btcciuly Poland has imported eyed cxiermiiatcd A iro.ii 

for restocking rivers where the spcacs ^vhcrc a conimcrciallv 

fiaichcr^ is also being built on the Vistu a *' .i.'rciicnctl bv dams and 
miporiipt run of anadromous brown iiout is 

pollution , , s _ hiirhlv anadromous 

'» Japan the Dolly Vardcii (Salvelmm mnh''») « > 



AK-nEBOLACET E\VOS OF SWEDEV, ^ND SIZE OF 
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cholin?, Mtntnm C (ascorbic aa^) 

* The product contains all necessary minerals and trace elements. 
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species usually scorned by sport fishermen is raised in hatcheries and 
Stocked in rivers to support a commercial fishery. ^ 

The grayling (Thymallus thymallus) is S""^”'lV/estncted to wd 

nel t Jerl but in Sweden, where grayling spawmng nvers toe been 
obstructed by power dams, they are bred in hatcheries and stodced. 

MORE INTENSIVE CULTURE OF STEELHEADS AND ATLANTIC SALMON 

A refinement o£ the hatchery method o£ .“Lr* 

anadromous salmonids has been suggested by J! in a 

Corporation oiPalo Alto, Calilornia. They propose 
hatLry situated at the head o£ a short These fish 

20 cm Sngerlings to sea water, and please ‘hem m^the sneam^ T 

would theoretically enter the sea, to spend rpnyrn to the hatchery 

trating nutrients. With sexual maturity *ey competition from 

where they could be harvested immediate y associated with long 

sport fishermen and none of the p, J year-round it might 

stays in fresh water. By spawning and re g ^ research 

be possible to achieve runs can be artificially estab- 

in Washington has shown tliat ^teelhead 
. fished in the manner proposed with 7 to 14% re . soecies is 

More intensive culture of a biologists have 

being explored at the University of Rhode ' "J;“'„ater. from an 
succeeded in rearing Atlantic salmon. plastic-lined pools 

averap weight of 0.04 to 0.30 kg m ^ ^diniques are per- 

containing sea water. Improvement is 
iected. 


CULTURE OF freshwater SALMONIDS TO SUPPLEME 
COMMERCIAL FISHERIES 


* 1 fisheries is not limited to 
Propagation o£ salmonids to bolster commercia purpose 

anadromous species. Lake trout have Iwg ® oirram was limited and of 
in the North American Great Lakes. (Petromyzon inarinus) 

doubtful value until die parasitic sea lamp necessitating 

'‘iriually eradicated the lake trout in the joint effort by 

a crash lake trout culture-lamprey control pr ^ reestablishing 

the United States and Canadian „„Htions e\entually return 

die fisheries to some extent. If lake trout PfP . doubtful whether 
anything approadiing their former magni 
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the present large-scale hatchery program (more tlian 6 million eggs are 
produced in Michigan alone) smH continue to be justifiable 
Techniques £or hatclierj propagation of lake trout are essentially the 
same as those described earlier in this chapter for other salmonids Until 
recently, the major source of spawners svas fisli taken in nets set near the 
spawTung grounds, but the distinct threat that the sea lamprc) ssould 
completely eliminate the lake trout necessitated the dcselopmeni of hatch 
ery brood stocks 

The incubation period of lake trout eggs is about 2 months at 8 S^C, 
4 months at 4'’C, and oser 5 months at 2°C The hatching rate of arti 
fiaally fertiliied eggs aserages about 65% 

Nesvly hatched lake trout fry develop slowly and do not absorb the yolk 
sac until they are about a month old Their first food should be finely 
ground meat, such as beef liver or heart Later, they may be gradually 
shifted to a conventional hatchery trout diet 

In the Great Lakes, lake trout usually inhabit depths of SO to 100 m, 
but, fortunately, lake trout cultunsis have not found it necessary to 
simulate this aspect of the natural habitat Hatchery ponds should, how 
ever, be covered or otherwise shaded, since exposure lo strong sunlight 
may cause cataraas 

Lake trout have been stocked at all ages from the alevin stage to tvso 
years Survival of course increases with age Exj>cnmenis m Lake Superior 
indicate that survival is markedly improved by rearing through the first 
wonier, thus most lake trout arc now planted in tlie spring of their second 
year, at a length of 10 to 13 cm Rearing to matuniy requires 4i/^ to 6*4 
years or more 


SELECTIVE BREEDING AND HYBRIDIZATION 

Of the many expenmental techniques being applied in efforts to 
increase trout production probably none has greater potential than 
selective breeding Sport fish hatcheries have long practiced selective 
breeding at least m a rudimentary manner, for high fecundity, large 
egg size, high hatching percentage, rapid growth, early matunty. high 
temperature tolerance, and disease resistance To faahtaie hatchery op- 
erations, selection has also been earned out for time of spawning, so 
that there now exist stocks of rainbow trout v\hich, VMthout manipulation, 
vnll spawn in any month of the year In recent years strains have also 
been developed which have a pronounced tendency to leap out of the 
water when hooked These jumpers are preferred by sport fishermen 
and are thus sought by fish-out pond operators, as are albino or golden 
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rambow trout and other "noAelty” stratns Cultured trout 
removed from wild genotypes that trout, part.cularly rmt^bow hout, ca ^ 
take their place alongside the common carp ( yprmm ^ j j 
speaes of ornamental fish as our only truly domesticated aquatic 
Selection is a never ending process, but tt does not take on^ “ " 
some worthwhile results Tor example, the California Department 
and Game has been able to 

1 Increase the number of rainbow trout spawning at 2 years of ag 

from 53% to 98% in three generations , „ genera 

2 Mom than double the average weight of yearlings in five gener 

T Increase egg production by 2 year old females fourfold m six gen 
erations 

Less attention has been paid to selective ^feeding for 
desirable in commercial culture, although , ..pus to any trout 

sought by sport fishery cultunsts would be a v. 8 ^p^ye the 

grower In rLnt years, a number <>' «mkers havejou^^^^^^^^^^^^ 
commercial breed of rainbow trout The mo oioneers in selective 

IS certainly the ‘supertrout ' developed college of Fisheries, 

breeding of salmonids, Lauren R Dona for 10 character 

University of Washington After 58 years mialities. grows to 

istics, Donaldson’s strain exhibits superior la temperatures and 

a lengtn of 67 cm in 3 years and is so •‘d-am ;””to^7not normally 
certain pollutants that it can be grown m 

consider fit for the species ^ rtmns of rainbow 

Danish biologists have also d«''<''°P'd to egg size 

Stout, some of which surpass Donaldson s cultunsts through 

These and other selected strains are "“''t “t™' ^ of these 

out the world It should be emphasize . »,ons and that no t\\o 
strains is specifically adapted “’ certain con ^ therefore be the re 
environments offer the same conditions 

sponsibihty of each individual culturist not on strain 

stock obtainable, but to practice selection so as , this task 

Thus far, only a few of the better ’^, 3 ,n,ed for selective breed 

It IS possible that some of the good resu j^ple, the role of endo 

‘ng should be attributed to other factors ° uncertainty 

<^mes m determining egg size is not knoisn t intetrral part of any 
does not negate the importance of selection 

efficient fanning operation , rvmmtsc as selection for 

Hjhndization does not appear to hold as mu P^^ produced virlinll) 
commercial trout culture Sport fishery cu tun 
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Platf 12 Wild and mass selected, hatchery fed rainbow trout at the Unlseriity o 
Washington School of fisheries, Seattle Fish ate luo ^cati old, and the large one is 
the result of oicr 30 )cars of seteclise breeding (Reproduced svith pcnniMion of 
Snenee) 


c%cry possible hybrid of rainbow, brown, brook, cutthroat, and lake trout, 
and Adamic salmon, but only one or two have proved useful. The 
only existing hybrid of interest as a food fish ts an intraspecific rainbow 
trout cross deselopctl by Donaldson. By crossing anadromous and land- 
locked strains, he w-as able to produce a fish which consistently returns 
to spawn at tuo years of age, whereas only a minority of wild steelhead 
return that early. This hybrid lias been used to establish runs in seseral 
coastal streams which did not previously support steelhead 

There are other wild strains of trout which should be investigated by 
culturists For instance, the deep water Kamloops strain of rainbow trout 
(Salmo gatrdnert hamloops) naiisc to certain lakes in British Columbia 
consistently outgrosss all other strains Before the decimation of the lake 
trout in the Great Lakes by the sea lamprey there was a subpopulation 
of a subspecies known as the siscowet (SalveUnus namaycush stscatoet) 
in Lake Superior. These fish had a much higher fat or oil content than 
ordinary lake trout. In fact, large specimens contained up to nearly 70% 
oil, jserhaps the highest oil content of any fish in the world. There may 
also be genetic factors invoUed in the extremely large size attained by 
steelhead in a few streams such as British Coumbia's Kisplox River and 
Alaska’s Russian Riser, or by Uie Lahontan strain of cutthroat trout 
(Salmo clarki hensfiawt) found only in two Nevada lakes. Hybridization 
of these strains with domestic stoclu might produce beneficial results 
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TROUT CULTURE IN THERMAL ETFLUENT, 
RECIRCULATING WATER SYSTEMS, AND TANKS 

Although trout arc generally considered cold water fish, the 
ment of temperature resistant strains raises the poss.bi ity ”ntr 

be grown in thermal eflluent, partiailarly in areas w lere ‘ 
water temperatures greatly retard growth Heated water ‘ 
employed in conjunction with a recirculating system uc i a ^ ^ j, 

sm^ll tanU supplied with 14°C water, is presently ’’-"S 
used to rear trout fry and fingerlings (species unknown) m Austria, 
commeicial applications to date have been infrequent ^ t iq 

One such operation exists in Canada, where Sea f 

rated m Clam Bay, near Lake Charlotte. Nova Scotia, 
market 18 million kg of rainbow trout, Atlantic salmon b™ok«oi^t, 
Chinook salmon (Oncorhynchns tschawylscha), an poss J j 

(Saluefinnr alp.nus) reared in a sem.closed system in w Indi ov“ 9«% o 
the water is recycled The basic techniques 
regulation, and L on, are like those used in Co umb.a 
hatcheries (see pp 487-488), but the facilities ar . P . . 5 

markemble size fish (up to 7 kg in the ° ^ facilities, while 

young fish are maintained m ' Jeered in groups of 

larger fish inhabit a series of large fiberglass p 

three to ten around single filter pools gradual increase in 

A principal feature of Sea Po"' ^"jis ■ ^ 

Sihnity of the water with the age of the ^ ( 3 ,,out 0 2 kg), 

rainbow and brook trout have ™ addition to the enlnnce 

they are maintained in full strength sea wa nccnnated with high 

ment of growth and reduction of disease problems . 
salinity, the sea water brings m with it many orga i 
dietary supplements for the trout United 

Another interesting development occurr amiacultiire training 

Slates Bureau of Commercial Fisheries ^^iuyntion near Belling 

program for American Indians of the Lu raisinlt of trout and 

ham, Washington Fart of the training svitem using 90 t° 

Pacific salmon to the smolt stage in a passes through 

9a7(, recycled water Water contaminated y , jn^ ^ 4 to 10 liters/ 
swimming pool filters and a series °n ,l,at a constant tern 

mtn then through a chiller at 400 to 500 hters/ skater that 

peraturc of 10'’C is maintained Another filter is _ concentration of 
has circuhied through the Intcliery once or mor ,n,ount of new 

ammonia nitrogen ,s monrtored daily to determine die am 
Water that must be fed into the system 
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Plate 12 Wild and mas? selected, hatchery fed rainbow trout at the Uniscnity of 
Washington School of Fisheries. Seattle Fish arc two >ears old, and the large one u 
the result of o\er 30 )cars of selectise breeding (Reproduced with permission of 
Science) 


c\ery possible hybrid of rainbow, brown, broolt, cutthroat, and lake trout, 
and Atlantic salmon, but only one or two have proved useful. The 
only existing hybrid of interest as a food fish is an intraspecific rainbow 
trout CToss deseloped by Donaldson By crossing anadromous and land- 
locked strains, he was able to produce a fish which consistently returns 
to spawn at two years of age, whereas only a minority of wild steelhead 
return that early This Itybrid has l)ccn used to establish runs in seseral 
coastal streams which did not previously support steelhead. 

There are other wild strains of trout which should be investigated by 
culturisis For instance, the deep water Kamloops strain of rainbow trout 
(5o/mo gatrdnert kamloops) natisc to certain lakes in British Columbia 
consistently outgrows all other strains Before the decimation of the lake 
trout in the Great Lakes by the sea lamprey there was a subpopulation 
of a subspecies known as the siscowct (Salvelinus namaycush siscowei) 
in Lake Superior. These fish had a mudi higher fat or oil content than 
ordinary lake trout In fact, large specimens contained up to nearly 70% 
oil, perhaps tlie highest oil content of any fish in the world. There may 
also be genetic faaors imoUed in the extremely large size attained by 
steelhead in a few- streams such as British Coumbia's Kispiox Riser and 
Alaska’s Russian Riser, or l>y the Lahontan strain of cutthroat trout 
{Salmo clarkt henshawt) found only in two Nesada lakes. Hybridization 
of tliese strains with domestic stocks might produce benefidal results. 
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TROUT CULTURE IN THERMAL 
RECIRCULATING WATER SYSTEMS, AND TANK 


Although trout are generally considered cold water fish, 

ment of temperature resistant strains raises the possi 1 1 y ' winter 

be grown in thermal effluent, particularly m areas where 

water temperatures greatly retard growth Heated water ^ 

employed L conjunction with a recirculating system Such ^ 

small Inks supplied with H'-C water, is presently f 

used to rear trout fry and fingerlings (species unknown) m Austria, 

commercial applications to date have been in Fisheries lo 

One such operation exists in Canada, where Sea f j? 

cated in Clam Bay, near Lake Charlotte, Nova Scoti , 
market 1 8 million kg of rainbow trout. Atlantic salmon bmok no 
Chinook salmon {Oncorhynchus tschawylscha), an P gp_ j 

(Selvehuus alp.nl) reared in a semiclosed system in w <d o- 90% 
the water is recycled The basic tedinique of 

regulation, and so on, are like those used in , , , . ctowiIi of 

hatcheries (see pp 487^88), but the faalities Eggs and 

marketable size fish (up to 7 kg m the case o ,,a,cl,ery facilities, while 
young fish are maintained in convent o ^jus^ered in groups of 

larger fish inhabit a series of large fiberglass pools clusterea g 

three to ten around single filler pools trradual increase iii 

A principal feature of Sea j, g mfnths. at which age 

salinity of the water with the age of the /^gout 0 2 kg), 

rainbow and brook trout have reaclie addition to the enhance 

Ihey are maintained in full sea wa associated with high 

ment of growth and reduction of disea 1 ^^ , 50,5 scinch sene as 

salinity, the sea water brings m with it 70 

dietary supplements for the trout United 

Another interesting development aquaculture training 

Slates Bureau of Commercial Reservation near Belling 

program lor American Indians of the L raisinc of trout and 

ham, Washington Part of the training in\o ..stem using 90 lo 

Panfic salmon to the smoll stage in a sfwage passes through 

95% recycled water Water ^„,c, lights at I to 10 liters/ 

swimming pool fillets and a senes <>■ '**_ ,, , a constant tcin 

min. then through a cinllcr at 400 to 500 ’'y®/ mier that 

iwraliirc of lO'C is maintained Another b''"' concentration of 

has circulated through the halcliery once amount of new 

sninionia mtrogen is monitored duly t 
''■aicr that must be fctl into tlic system 
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Pu*Tt 13 S lo capable of reanng 20000 uoui Benner Spung Fish Research Sulion 
Bellcfontc Penm^hanu (Courtesy PennsyUania Fish ComniLssion) 


A potentially resolutionary breakthrough in trout culture v.as recently 
made by the PennsyUania Fish Commission at its Benner Spring Re 
search Station at Bellefonte There biologists have succeeded in rearing 
20 000 rainbow trout, weighing at least 2720 kg in a cylindncal fiberglass 
tank 5 m high and m in diameter with a capaaty ol 20 640 liters Tlie 
use of tins tank has resulted in the produaion of more protein per acre 
than has any other known food production method If such devicts arc 
eventually applied commercially it will be possible to institute trout 
nilturc at springs and other water sources located v^herc terrain space 
soil type or some other factor makes it impossible to construct ponds or 
raceways A further advantage is that both construction and maintenance 
costs for such tanks are much lower than for conventional hatclieries 
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TROUT IN POLYCULTURE 


au /licriKsed, are monoculture sys- 

All of the trout culture systems thus Uure, trout monoculture 

terns. Unlike most instances of essentially cold water species 

is not ecologically inconsistent, sine limited species 

normally inhahii relatively ^^0 in'^poly- 

associations. Nevertheless, trout do ^ reproduction of small 

culture, particularly as predators to control ““ Trout are 

wild fishes which compete for food wit i c jjjijonai pond preda- 

sometimes preferred for such purposes ® largemouth hass {Microp- 

tors as the northern pike (&oxl«c.«s) and the larg 

terus salmoides) since trout forage m op 

shorelines and weed beds. in coniunction with com- 

Trout are most commonly used as Tyear-old 

mon carp, particularly m d ,0 

rainbow trout are stocked in ponds a 2-Year-olds. Growth de- 

15% of the carp population, and are natural foods, 

pends principally on the *''^''*>’>1’^ contribute 20 to 50 kg/ha over 
In fertile ponds, trout thus stodeed m y _ .^^(jon may be inaeased 

and above the normal production of ®'^P’ -nach IRutiltis rutilus), 
by stocking the orfe iLeuciscus '•*“) ^out. 

which do not compete with carp, as i wider than was pro- 

The application of trout in long as dismlved 

viously assumed. Russian biologists nav rainbow 

oxygen concentrations remain above PP jgoQ^ continue to feed at 
trout stocked at low densities do well at ' for sliort 

up to 24-C, and can withstand temperatures as mg 

periods. , . , All-Union Institute of Pond 

In 1904 biologists of the Soviet ni . trout in a more com- 

Fishcrics conducted an cxpenmciU wi • 4 year classes of 

picx polyculture system. Two fertdc po p^ „„„goiIon it/cl/'i). and 

common carp, 2 year classes of oh® ix) wore stocked 

1 year elass of silver earp niel.e of the tmut re- 

"ilh 2-year.old rainbow trout as we . insects, Daphnia, carp 

raainctl intact, as tlicy ate aquatic amt tc jj^-dcs. At 

fry, and frogs, most of which were no i „/l,a, resiieciiscly. or 4./% 

Inncst, the trout conlrihuicd 30.8 aiu • .Hinds. Ilrowii iroiit 

»nd 5.3% of the total fish prosUiction o nilycuUurc in the .Sosicl 
base been rcconuiicndctl for simi ar us 

I!'”™- . mucho laimn.) and the hochen 

It has been teporteil that the tamicn (Hur/m 
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{Hucho hucho) are being investigated for 6sh cultural purposes m China 
and Spain respectively Details are not available but these large, typi 
cally solitary and pisavorous salmonids are probably being considered 
for use as predators 


PROSPECTUS 

Clearly, trout culture is undergoing a period of expansion Not only arc 
individual farms increasing their output and new farms being established 
in areas where trout culture is traditional but whole new regions of the 
world including the oceans are being opened up for trout farming It is 
conceivable that in the not too-distant future rainbow trout will be as 
nearly universal in fish culture as common carp or Ttlapta mossambtca 
Certainly the day of trout as a luxury food is nearly over and its day as a 
staple protein source is approaching 
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The seven Pacific salmons {Oncorhynchus spp.) together comprise one 
o£ the world's most important fisheries. In the United States, 
are commercially the second most important fishery product, over , 
metric tons were landed in 1965. In Japan, 150,000 metric tons were 
landed that year, and Canadian. Russian, and South Korean boats a so 
bring in substantial catdies. In the last lew deoides, salmon popu a ion 
and catches have declined in almost all of the major fis ing areas as 
result of overfishing, pollution, and damming of rivers, inong 
remedial measures taken arc various forms of salmon oi ture invo vi 
improved or artificially constructed spawning areas, fry mtc eries, 
ling rearing stations, and the beginnings of true husban ry. 

The need for artificial propagation of salmon is intensi ^ 
peculiar reproductive biology of Oncorhynchus sp^, w i i, , . 

possible exception of certain landlocked stocks of . ^ .. 

die after spawning. As a consequence of this fact of ^ 

vidual whicli is allowed to spawn is unlikely to contn u e i y 

fishery. Ripe and spent spawners ripe and spent 

only at the expense of great amounts of labor. The value p r 
fish is £urther\itiated by the deterioration of the 
from the cessation of feeding with the attainment o ma . 

tes, ripe fish are eaten in Japan, and spent " 

beginning to find a market in the United S«>os- ‘ 

unlikely that large numbers of natural spawners will . even 

■nercial picture. Thus the regulation of the 

more than that of other fisheries, depends on i g -c fishery 

harvest. As long as natural ^fbe X^ed annually 

Stocks, this necessitates that a certain number depends on the 

to escape the fishermen. This number is n®' cOTditions this 

mnival rate of the progeny to adulthood: u substantially increased by 

n hut a fraction of 1%. If this figure could be su 

artificial propagation, then less spawners w 

fishery quota could be correspondingly increased. intensified. 

The pressure placed on existing =^=>1"’°". Xues m what was 
first by the introduction of high seas fishing tech 
initially an inshore fishery and, more recent y, y laelihood that 
fishery of South Korea. High seas fishing in another 

fish taken by fishermen of one nation were k in ^^^uu,e an inter- 
^tmtry’s waters. Salmon fishery managemen resource of the five 

r>aiional issue. Although the attitudes towar --..don with prob- 

Salmon fisliing nations dilter considerably, fair cooperation, 
able benefit to the fishery, lias been acliteveu. j^™c numbers 

In addition to international regulation of the nsnery. 
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1. Pink (humpback) salmon. (A) AduU female, (B) adult male, 
lemale; (D) breeding male. (Courtesy U.S. Bureau of Fishenes u e in, 


of scientists in all four of the major salmon-produang coun i 
'working on the various aspects of Pacific salmon » 

chapter we concentrate largely on methods developed in e 


orKing on the various aspects of Paanc sainiua ^ TT„:»pfi 

^apter we concentrate largely on methods developed in e 
states and Canada, but only because we have not had full access to tl 
Japanese and Russian literature. Any reader who can avai 

latest developments in Tapan and the Soviet Union should do to 


Japanese and Russian literature. Any reader who can “va.. “ 

>hn latest developments in Japan and the Soviet Union ^ “ 

sain a more complete picture of the state of the art of aa c s 
™lture. 


species of pacific salmon and their 
'^^AH/icteRISTICS 


CHINOOK SALMON 

largest of the Pacific salmons is the chinook salmon 

tshawytscha). which occasionally reaches wc'f “ ^ 

'spawns mainly in large rivers, from northern Cahtom.a to n°rAw«t 
^ Alaska. It is less common and usually smaller along ■ ’ 

*““Eh Russia’s Kamchatka River supports a sizable run. Over 90% 
^commercial catch is landed at North American 
p . ^ history of the diinook salmon is the yari 
‘c salmons. Maturity and spawning occur within 
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Japan. Like the Chinook salmon, it is more common and larger m Am 
can waters. Coho salmon usually mature at 2 to 4 years o age (extre^ 
1 to 5 years) and ascend streams in late fal or 
0„corl,nc;uu spp. have “-ple.ed sp-nmg. 

period of the coho salmon averages abo y considered the 

its range and 2 years at the "O’’*"" ^ ' environmental conditions, 

hardiest of the Paatic salmons with respec „„nprs who find the 

Chinook and coho salmons are taken 
effort worthwhile since these two species, w i congeners, 

smoked or as salmon steaks, bring a higher price f of sport 

Chinook and coho salmons are also the 

fishermen, and in Alaska and ^ fcw^port fishermen finance 

fishing license and market their catch. N P 

their recreation in this manner. 


SOCKEYE SALMON 

The sockeye salmon or red salmon “ ^^“hoS 

northern California north to the ,l,eir courses. Spawning 

only in streams that have one or more young spend 

occurs in, above, or occasionally bolow f o nnd the y g^P^^^ 

their first 2 to 3 years in the f populations of non- 
Some waters, landlocked or otherwise, rg^ed to as kokanee. Sea- 
anadromous sockeye salmon, sometimes Itokanee 

tun sockeye salmon occasionally reacli lengths ol 

are usually much smaller. .„,irpve salmon are most abundant 

Like the chinook and coho salmons, • _ tlie high seas fishery 
>n American waters: before .'bo areas, notably 

fi'1% of the catch was landed in the Um British Colum- 

the Bristol Bay region of Alaska and t salmon generally are de- 

bia, it is the most important t ^ salmon for that purpose. 

h\ered to canneries and are considere 


CHUM SALMON AND PINK SALMON 

. . chiefly of chum salmon or dog 

d he lower grades of canned salmon con , or humpback salmon 

salmon (Oncor/iync/itw keta) and pm ^ larger of the two, 

{^ncorhynchus gorbxtscha). The dmm sa whereas the pink 

attaining lengths of nearly 1 m and "^^8 * salmon is also the most 

^Imon readies no more than 4 to 5 Kg- from San Francisco, 

">tlcly distributed of the Pacific salmons. . b b 
California, north to Alaska, and south to Korea 
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PiATZ 2 Chum (dog) wlmon (A) Breeding fenulc- (B) breeding male (Courtesy VS 
Bureau of Ilshenes Bulletin XXVI 1906) 

hatching usually after 4 years Most spawning streams support two or 
more annual runs, in summer, fall, and/or winter, but some of the 
larger streams also support spring runs, which characteristically trasel 
further upstream than summer, fall, and wTnter fish- The usual figure 
ated for the duration of the freshwater nursery period is 6 months, but 
It may \ary from 90 days to 2 years 

COHO SALMON 

The coho salmon or siher salmon {Oncorhynchus ktsutch), which may 
reach 15 leg is found from Monterey Bay, California, to Holekaido 
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Plate 3 Socke)e (red) salmon (A) Adult “BuHerm'xXVI^^ ISOd)^ 

(D) breeding male (Courtesy US Bureau of Fisheries B 


fribuur.es oi the Arcfu Ocean 

east to Russia's Lena River on the w . ^ The distri- 

u is represented by both summer idLtical, but it is not 

bution of the fall spawning pink sal p.i.fornia nor east of Alaska’s 
found south of the San Lorenzo River. California, 

Colville River on the Arctic Co^t ^ ^^p,. 

Both species spawn in very small streams 
rally, especially in the case of ^'j^'^h^pecies drift doivn to the sea 
even in the intertidal zone. Young o , ,o return as adults 2 

within the year of salmon, or in 2 to 6 years for 

years after hatching m the case oi t' 

chum salmon . more important in the 

Of the two species, the chum * Russian inshore fisher- 

Japanese fishery, chum and pink salmon are the 

men land more pink salmon. Colic Y and both suffer 

most commercially important of t 
from o\erfishing throughout their range. 


CHERRY SALMON 
There are two additional species 


of Oncorhynchus found only in Asiatic 
A^aicic ulc iww aikAuiA.w..— -r- mfisuY the most warmth- 

waters The cherry salmon from Korea north to the 

resistant of all the Paafic summer, during its third 

Kamcliatka Peninsula and spaivns cl y 
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B 


PiATE 5 Chinook (king) salmon (A) Adult female, (B) adult m 
Bureau of Fisheries Bulletin. XXVI, I90G) 


(Courtesy U,S 


• feeding, and move first 

wunced secondary sexual ,he spau-ning grounds. 

Bio estuaries, then into streams After b /come clmin and 

ma> he located anjvvhcre from the intern a Yu\^o\y River. 

I»nk salmon) to 4000 km upstream (clunook sa 

AtasU). ,hc females select suitable ^ ““""jl.ions of bo<l> 


ink salmon) to 4000 km upstream (cl.inook sa mon m 

;'aska). the females select suitable „njulation5 of bo<l> 

ides, excavate circul.ar egg pits m the gr ,ilnch coliccti'cl} 

ind tail Eggs arc dci>osilcd in three or more ...ncel bs one or more 

emprise tifnest o, ‘•redd " Eertiliration a’re buried i.n 

"ales at the time the eggs arc rclc-rsctl. c , pits were exca 

atcdiatel, b) the female in the s.amc manner in 

'a.ctl. except that her d.ggi.ig motions become much P 
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Plate 4. Coho (nher) $almon. (A) Adult male; (B) breialjng male (Coutles) 
Bureau of Fisbenei BuUetia. XXM, 1906) 


or fourth )car of life. Oncorhynchtu rAotfuruj, someiitnes also called 
clierrj salmon, is comparatUely little known and apparently restricted to 
southern Japan It spat%'n$ in Noscmber at an age of 3 to 5 )ears. Both 
spedes are small, slow-growing fisli, seldom exceeding 50 cm in length, 
and are of comparathel) minor imporunce in commerdal fisheries 


NATURAL REPRODUCTION OF PACIFIC SALMONS 

The mechanics of reproduction ar^ in general, the same for all Onco- 
rhynchus spp. Some time prior to spawning mature adults deselop pro- 
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ARTIFICIAL AND IMPROVED SPAWNING CHANNELS 

Fishways cannot compensate for the many kilometers of spawning riffles 
inundated by power dams, nor are they usually highly efficient in mam 
taining spawning populations in remaining riffle areas. The oss o spawn 
ing grounds to impoundments and the mediocre success o ^ iways may 
thus be added to pollution, overfishing, and mechanical destruction of 
spawning grounds as initiative factors in the construction o^ same 
hatcherit and artificial spawning channels. Of the two tedmiques the 
hatchery method is much the older, but artificial spawning ^ ^ 
involve considerably less expenditure of money, materials, and labo 
Juid some authorities believe they offer greater potenua ene 
fishery. 

rationale and factors involved in construction 

The environmental prerequisites for successful spawning , 

in question must be known in order to construct a satisfac ly 
spawning channel. The first clue to these requirements is , , j 

preference of the spawners. The types of spawning areas 
isy the five Nortli American species of Oncorhynchus a 

diould not be assumed that the data in Table 1 
word in the determination of optimal spawning con i ‘ 
salmons. There may be a number of factors ‘I, 2 

directly concerned with survival to emergence o • ‘ jnd 

stream bed. For example, safety from predators of ,], 5 r the 

rampetition with other species may enter into t le pic ■ 
tet natural spawning area is likely to be ™ possibility of 

potentially susceptible to improvement. TI -niririal snawning 

augmenting salmon production ^ ,vell as wlicre dams 

channels in areas relatively unmodified by m , areas, 

and the like have obstructed or obliterated to culture 

This approacli would appear to be prior to emergence 

pink and clium salmons, for whicli specie * y spawns 

appears to be the chief factor limiting abundance. It P 

otUicse fishes to experience less than ’«% 

he stream bed, and mortalities in excess of % appro* 

Spavs-ning channel construction and improseme salmons, 

priatc .as conscrsaiion measures for diinoo • ’-^.joriani tlian that 

''^‘ose preemergent mortality is believed to be less imi>ortani 




6 Natural spawning of chum salmon showing female excavating a redd 
(Courtesy W. J. McNeil ) 


hatch in the stream bed where the larvae remain for a number of months 
before emerging to immediately seek an estuarine or marine environment 
(chum and pink salmons), or spend up to 2 years in freshwater (cherry, 
Chinook, coho, and sockeye salmons). 


FISHWAYS OR FISH LADDERS 

The Pacific salmons have been culture to augment the results of natural 
spawning runs, for transplantation into waters where salmon are not 
native, and for commercial rearing to marketable size, but the first is the 
prevalent rationale. Among the man made devices used to assist salmon 
spauTiers, the simplest in principle ate the fishways or fish ladders com 
monly incorporated in power dams built on salmon streams These and 
devices designed to aid young salmon in their seaward migration do not 
fall within our definition of aquaculture, and they are not discussed here. 
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ARTIFICIAL AND IMPROVED SPAWNING CHANNELS 
Fishways cannot compensate for 

b b 1 " t' the mediocre success ot fishways may 

mg grounds to impoundments and tern destruction of 

thus be added to pollution, construction of salmon 

spawning grounds as initiative techniques the 

hatcheries and artificial spavvning cli ' , spuming channels 

hatchery method is much the oWer J'-f ^^^.f^ials, Ld labor, 
involve considerably less expenditur potential beneHts to the 

and some authorities believe they offer gr P 
fishery. 

.„,i,clVFD IN CONSTRUCTION 
RATIONALE AND FACTORS INVOLVED in 

The environmental '““omtrucTrsadsfacto^Vtifid^ 

m quesuon must be known ‘n requirements is the observed 

spawning channel. The ‘ jj^pa^ing areas generally selected 

preference of tliespawners. The o p outlined in 

by the five North American species of r 

"^Rble 1. . .j-gbie 1 constitute the last 

It should not be assumed ' , spawning conditions for Pacific 

word in the determination ot opu n involved which are not 
salmons. There may be a num er ° ,l,c larvae from the 

directly concerned with survival predators of the spawners and 

Stream bed. For example, sateiy jjje picture. Further, the 

competition with other suboptimal in some ways, thus 

best natural spawning area is liRc I ^ This raises the possibility of 
potentially susceptible to '“P™™™'p„..rruction of artificial spawning 
augmenting salmon production F ^ ^ as where dams 

channels in areas tdat'vely unmodi natural spawning areas, 

and the like have obstructed ® particularly appropriate to culture 

This approach would appear to ^P mortality prior to emergence 
of pink and chum salmons, for win ^^ndance. It is unusual for spawns 

appears to be the chief factor 1'"’*“"® mortality during their time in 
of these fishes to experience less t are common, 

the stream bed, and mortalities in jn,provement may be less appro- 

Spawning channel construction cofio, and sockeye salmons, 

priate as conservation measur» ^ be less important tlian that 

whose preemergent mortality is 
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suffered in freshwater nursery areas. However preemergent ^ortahnes 
of up to 96% have occasionally been recorded for chmook salmoi^, and 
several artificial channels have been constructed expressly for 
species. Coho salmon eggs and young appear to expenence 'o™r mor- 
tality in spawning beds than the other Oncorhync/nu spp., and no 
spawning channels have been built primarily for t ns species. 

A necessary adjunct of any program designe to en a 
of salmon spawning is a strong program of resear ending 

limiting survLl of the eggs and young. This, m essence, .s " 
process for, as Dixon MacKinnon of the Canadian Department of F.sh 
cries put it, "Virtually all biological researcli on sa mon limiting 

cation to the problem.” Research to date indicates t la 
factors are spawning bed stability, water qua ity, an , (ion of each 
meteorological conditions. Following is an outline o ‘''”2 " hLnels 
of these and other factors, and ways in which artificial spawning channels 

may aid in their control. , , «arfirlp size 

Spawning bed stability is a function of both f 

and current velocity. A stream bed composed large y o . « 

gravel is subject to constant shifting and di^urbance "'’f on 

in eggs and larvae being washed out to pens i m i P^ dur- 

stream beds composed of cobbles or large partic y .gmijjasjern 
ing severe flooding. This is a particularly " TstCing 

Alaska, where torrential fall rains 7® “7™""ellct°on' of predominantly 
channel both variables may be controlled by tlimuph an over- 

large substrate materials and diversion of flood waters through 

flow channel or natural stream cliannel. primary impor- 

Water quality covers a multitude of variables bu of primiu^ 

tance is dissolved oxygen content, embiyos If concentrations 

■ntragravel water for good ppl^tants in the vicinity 


of dissolved 
of the 


oxygen are 


. " a bv the 0X1. of pollutants in the vicinity 

Of the spawning area, - arufiVspas^mg^^^^^^^^^^^ " dm 

Situation, but in most salmon spawning s P 

chief factor determining oxygen content. relatively sterile, and 

One might suppose that in a “'‘';“"P (,.(,(;„; „£ dissolved oxygen 
swiftly flowing salmon stream the cone surface 

"ould be at or near saturation, and this is umdiy .he cam 
yater m the riffles where salmon spaivn. source of 

found at various depths in the stream be w originate only in 

aeration. Oxygen dUsolved in intragravel ,(,.(1 a 

the surface water, which typically circulates in o ^ radient, pro- 
late partly determined by stream velocity ut ^ | tj^c less 

Me, and particle size of the bed. The more rapid the circu.a 
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the likelihood that the dissolved oxjgen in a given volume of intragravel 
water will be severely depleted before the water readies an area of up 
wclhng Circulation of intragravel water may be increased in an artificial 
channel by proper gradient selection, construction of bafllcs and other 
sudi devices, and selection of large-diameter bed materials which afford 
maximum porosity (There is a limit to the size of particles whidi may be 
profitably employed. If the particles arc too large spawners may have 
difficulty consiruang redds, thus the eggs may be inadequately buried 
and subject to being washed out ) 

Droughts may drastically reduce the dissolved oxygen content of intra 
gravel water, both by restricting circulation and by allowing decaying 
salmon carcasses to remain in the stream rather than being washed out 
Further, droughts may expose some eggs and larvae to dehydration 
Artifiaal spawning channels are constructed so that there arc no areas of 
extremely shallow water and flow can be maintained by pumping, or diver 
Sion from the main stream diannel may relieve the impact of drouglits 
The chief meteorological limiting factor other than flooding and 
drought ts freezing of the intragravel water Tlic inadencc of freezing 
may be reduced by any measures uken to ensure good arculation and 
constant water depth and flow 

Other factors which may affect survival of eggs and preemergent fry, 
and whicli may be controlled to some degree in artifioal spawning clian 
nels are redd supenmposuion, temperature, and predation The phe 
nomenon of redd supenmposition b^mes a problem when the number 
of female spawners approaches the number of spawning sites Late 
spawners, in the process of redd excavation, may uncover eggs of previous 
spawners Under some arcumvtances, the results may be a reduction in 
the number of fry produced If access to an artifiaal spawning channel 
can be controlled, or if the channel is artifiaally stocked, a predetermined 
optimum number of spawners may be admitted 

Temperature play's a very important role in reproduction of all fisb, 
including the PaaGc salmons In artifiaal spawTiing channels located 
below impoundments it is often possible to draw on water soums with 
different temperatures and thus exerase some control over this variable. 

Predation has seldom been found to be an important limiting factor 
in survival of eggs and preemergent larvae, though it may be very impor 
tant in later life stages It has been cxpenraentally shown that the large 
particles deliberately diosen for use m improved spawning beds may 
faahtate the activities of predatory fishes, particularly sculpins (CoUus 
spp), which feed heavily on eggs and young of salmon when given the 
opportunity There have, however, been no reported instances of serious 
predation problems in actual operation of improved spawning channels. 
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It predation nere tl.ought to be important, predator access 

be more easily controlled in an art.fiaal cliannel than in a natural one 

DESIGN AND OPERATION OF EXISTING CHANNELS 

With the loregoing factors in mind, at least 20 artificnl f 

nels for Paafic salmon have been constructed since the ^ 

United States and Canada, plus one for Atlantic f 

Nenfoundland Similar channels may exist in Japan or the ^ 

but we have no indication that this is the case, so this discussion will 

limited to North Amencan structures rcnamlv 

Although some salmon spawned in artificial c lanne ® experi 

entered the commercial catch, the teclinique is sti 
mental and, other than die general stipulations a rea y ^’to 0 7 

are few rules for success The existing structures vary 
km in length, 4 to 11 m in width, and 10 to 76 
designed to handle 100 to 10,000 fish Mucli j q qooo 

planned and constructed Existing ^h-”f3f,:3tritTnow gen« 
to 0 002 and aveiage discharges from 2 to 13 / arculation, 

believed that higher gradients, with the attendan 
produce better results and the gradient of mos of various 

the upper end of the ated range Stream e s a jj,jjjneter Rather 

proportions of particles ranging from 6 mm selected for discus 

than describe each of the existing cliannels, we have selectea 

Sion a few which are illustrative of key points improved 

A primitive form of the artifiaal spawning ^ US Forest 

spawning channel, two of whicli were bui t in sections of 

Service and Bureau of Commeraal Fis eries i pnncipal 

Hams River and Indian Creek, near Ketc i flooding and 

causes of mortality in spawning areas of n lan intraeravel water 

freezing whereas in Hams River poor embryos Accord 

"lay be the chief limiting factor in surviva _„i,asized construction 
^iigly, the design of the Indian Creek channel, to 

a 12 to 15 m wide flood plain on bot si moderate flow in 

carry excess water while maintaining a fairly u^ims River 

the 360 X 45m spawning area, and modification of 
involved chiefly the removal of sand and si t largely composed of 

Since the natural substrate of Indian ree bed was not 

particles measuring 5 to 15 cm m -galled to increase intra 

extensively modified, but baffle boards were i attractive to 

gtavel circulation The impro\ed w awning occurred 

pink salmon, which account for most o 
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the likelihood that the dissohed ox>gcn in a g;i\en \olunie of intragra\el 
t\ater v^ill be severcl) depleted before the water reaches an area of up- 
welling Circulation of mtragrasel water ma> be increased in an artifiaal 
channel b) proper gradient selection, construction of baffles and other 
sudi devices, and selection of largeHliameter bed materials which afford 
maximum porosity (There is a limit to the sire of particles vshicli ma) l>c 
profitably employed If the particles are too large, spavs-ners may have 
difficulty construcing redds, thus the eggs may be inadequately buned 
and subject to being washed out.) 

Droughts may drasticallv reduce the dissoUetl oxygen content of intra 
gravel water, both by restricting arcuiation and by allovsing decaying 
salmon carcasses to remain in the stream rather than being washed out 
Further, droughts may expose some eggs and larvae to dehydration 
Artifiaal spawning channels arc construaed so dial there arc no areas of 
extremely shallovs water and flow can be maintained by pumping or diver 
Sion from the main stream diannel may relieve the impact of droughts 
The chief meteorological limiting factor other than flooding and 
drought 11 freeing of the intragrascl water Tlie inadence of freezing 
may be reduced by any measures taken to ensure good arcuiation and 
constant water deptli and (low 

Other (actors which may affect survival of eggs and preemergent fry. 
and which may be controlled to some degree in artifiaal spaw-ning chan 
nels, are redd supcnmposition temperature, and predation The phe 
nomenon of redd supenraposition becomes a problem when the number 
of female spawners approaches the number of spawning sites Late 
spawners, in the process of redd excavation, may uncover eggs of previous 
spawners Under some orcumstantss, the results may be a reduction m 
the number of fry produced If access to an artifiaal spawning cliannel 
can be controlled or if the channel w artiCaally stocked, a predetermined 
opumum number of spawmers may be admitted 

Temperature plays a very important role in reproduction of all fish 
including the Paahe salmons In artihnal spawning channels located 
below impoundments it is often possible to draw on water sources with 
different temperatures and thus cxerase some control over this variable. 

Predation has seldom been found to be an important limiting factor 
in survival of eggs and preemergent larvae, though it may be very impor 
tant in later life stages It has been experimentally shown that die large 
particles deliberately chosen for use m improved spawning beds may 
faalitate the aamties of predatory fishes, particularly sculpins (Cotius 
spp) which feed heavily on eggs and young of salmon when given die 
opportunity There have, however, been no reported insunces of serious 
predation problems in actual operation of improsed spawning channels. 
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throughout the modified area at discharges of 5 to 1000 li^fscc. 1-Css thari 
10% of the spawners utilized the flood plain Some damage occurred 
as a result of spawners undermining the banks of the spatvning area, 
tvhich was depressed 46 cm below the surface of the flood plain, but this 
occurred only when the banks were not protected with a layer of rubble 
Serious damage did occur, however, as a result of severe flooding 
shortly after the completion of spawming The modified channel was 
designed to witlistand discharges of at least 1000 fi’/sec, which left some 
room for doubt as to its stability, since peak instantaneous discharge 
of Indian Creek in most years is between 1500 and 2000 fi^/scc In Octo- 
ber, 1962 two unprecedented floods occurred, with peak discharges of 
2700 and 6400 fts/scc, respectively The result was some erosion of the 
spawning area, removal of some of the baffle boards and burial of most 
of the rest, filling m of a settling pool at the head of the channel, and 
deposition of 30 to 45 cm of gravel over the entire length of the channel 
The precise effects of this catastrophe arc unknown, but estimated sur 
vival to emergence of the larvae was 12%, or no better than might be 
expected under natural conditions in a good year 
In 1962, the settling pool was cleaned out, tlic gravel deposited by the 
previous years floods was removed, and the basic configuration of the 
channel was restored, but missing baflic boards were not replaced and 
no attempt was made to remove fine materials from the spawning bed 
Once again the modified channel was attractive, drawing 1 5 times as 
many spawners as the most densely populated unmodified areas of Indian 
Creek or Hams River, but survival of the spawn was only 10% 

In the Hams River, HOOm^ of stream bed were improved by hjdrauhc 
flushing of fine particles Sand and silt reentered during the 1961 floods 
and estimated survival of that years spawn was only about 0 1% 

The results of the Indian Creek Hams River experiments are incon 
elusive but indicate that channels constructed in natural stream beds, 
without adequate means of controlling flow, run the risk of being dam 
aged or destroyed by high water This is particularly true in southeastern 
Alaska where unstable runoff patterns are the rule, but would apply 
nearly anywhere It might also be added that structures such as the Indian 
Creek cliannel in which the stream course is necessarily straightened 
and the banks heaped with loose gravel are esthetic disasters and as such 
should not be tolerated, particularly in such a beautiful area as the Pacific 
Northwest of the United States and Canada 
The first large artifiaal spawning channel was constructed by the 
Canadian Department of Fishenes in 1954 at Jones Creek British Colum 
bia to compensate for spawning grounds lost to a hydroelectric project 
The Jones Creek channel is 610 m long 4 25 m wide and handles a 
controlled discharge of 25 to 30 fi*/sec during the spawning period The 




Fic. 1. Robertson Cred; artificial spawning channel. Plan and profile. 
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rent results are much poorer, since the channel has been subject to hea\y 
sedimentation ) 

The preliminary success achieved at Jones Creek ssas the impetus for 
construction in 1959 to 1961 of a larger and more elaborate channel at 
Robertson Creek on the v^est slope of Vancouver Island A plan and 
profile of this channel (actually six artifiaal spanning areas, with a com 
bined length of 662 m separated by a total of 518 m of relatively un 
modified stream) arc sliovsn in Fig I Further spcaficaiions arc as folloivs 


Cross-sectional shape 
Width, bottom 
top 

Water depth 
Gradient 

Substrate particle diameter 
Deptli of graded substrate 
Discharge minimum 
maximum 

average 


trapezoidal 
107 m 
125 m 
43-02 cm 
0 0006 
10-102 mm 
30-61 cm 
20 fi»/scc 

250 fi*/sec controlled by dam, 
submerged pipe, and valve 
ISO ft*/scc 


Emphasis at Robertson Creek has been on transplantation of fertilized 
pi sa mon eggs Exceptionally high survival rates of 90 to 95% to 
OTergenre base been consistently recorded, but returns of adults base 
moov? Tl“ ‘ conditions, from 0 009 

crowth in tbn nr ° Crcck, wnh consequent poor early 

of frv bate! ^ inherent weakness 

te?ob^ r" >.m.Iar problems base 

on the other hand svouL surel™ 

tng been alloised to occur However "“‘“f 

emergence of 68 4 to 86 1% have bi4n rTcorrl^r “ 

sockeye salmon s.nce 1965 an a™fiaTch- 7 
Intemattonal PaaOc Salmon Fishe^Js constructed by the 

Bnttsh Columbta (Fraser W pmh'Tna”" 

benefit cost ratio for the Weaver Creek channel is 

th"*‘"ke Th'^R”;; "" "T P“’‘ salmon^clirnel 

A few chmook and coho salmon spawners have been stocked m the 
Robertson Creek channel Problems have been expenenced with mortality 
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,.on of ch.nook and coho .ataon .s an efiecnve fishery managenrent 
'"S, the Amencan techn.que of salmon 

Japan, where it was applied principa y to c salmon cul 

mercially important species in that cou ry earlv failure and 

tore m Japan parallels the Amencan experience of early 
subsequent success, though for different re^ons Russia, but 

Hatchery propagation of salmon was s or development of 

with the emphasis, under the Communist regi sort of salmon 

hydroelectric power, it became Lads the world 

culture program be initiated Tod y. Annual releases of pmk 

in stocking of artificially propagate gOO million, while 

and chum salmon fry The combined annual produc 

about 400 million are released in Jap artificial spawning 

lion of fry of these two species ttom lu nnlhon 

channels in Canada and the United Sta es largely confined 

Hatchery propagation of other Oticor are^the principal species 

to the United States Chinook and coho s. • Wnshington release 

cultured, 81 hatdieries in ' mckeye salmon are bred 

about 200 million fish annually Anadromo of sockeye 

in at least one hatchery in die Unite a artificial spawning 

salmon is principally a Canadian cone .„ribasized in that country 

channels, rather than hatcheries, have ^ culture, using present 

Most salmon biologists believe ‘"“/''“tug sockeye salmoL produc 

methods, is not an efficacious way of 
non 

BASIC HATCHERY TECHNIQUES 

. ,,atclunE of Pacific salmon eggs 
Tedmiques of artificial fertilization and I aten g freshwater 

ate generally the same as those use in ^re customarily killed 

bout (see Chapter 19), except g^oeculiar reproductive cycle of 

and the eggs surgically removed Given ti p potential, and 

Oncorhynchiis spp , tins lesults trenerally ripe individuals 

produces fewer damaged ova Brood si ^ , j runs which enter 

selected from natural runs or arlifiaally ascend n\ers 

die Intchery In Japan, salmon may be ^ug salmon eggs 

^nd held in ponds until they pishermens Coopcrati\es 

^nificially hatched in Japan are supphe y condition that the) 

.1 . frrtm ri\ers on me 


«ujiciauy hatcliea in japan -'-i i 

'vho arc allo^ved to take salmon from n% hatcheries This 

fertilize ihcir eggs and turn them o\er to g analog m 

Hnanaall) and biologically economical p • 
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of llic adults, but oscr fi0% of ihc progcn> of those adults sshich Hvctl 
to spasMt arc estimated to base suniscd to emergence This compares 
more than fasorabi) v.ith results obtained in channels constructctl spe- 
cificall) for chinool; salmon in California and Oregon. 

The Department of Fisheries cnsisions much larger artificial channels 
in British Columbia One, on Habinc I.al:c, is billetl as the ssorld’s largest 
such structure. (A similar claim adsanced by the British Columliia Hydro 
Posser Authority and Department of Recreation and Consersation for 
the Meadow Creek channel, located on a tributary of Kootcn.iy I-nVc. is 
of no concern to us. since this channel is titilirei! only Iiy kokance, for 
SNhich there is no commercial fishery) Tlic Babinc channel is designed 
for use by sockeye salmon and will be able to accomnuKlaic 210.000 spass^l• 
ers. The rationale for its construction is lliat the natural spawning 
streams from wbicli Babinc I.akcTccciscs sockeye salmon fry are too small 
and cnsironmentally unstable to produce a number of fry apjiroacliing 
the carrying capacity of the lake. Ex|>eiimcnial releases in Babinc Ijkc 
of fry from the nearby Fulton Riser ariifidal spawning channel disclosctl 
no significant diflcrcnce in sursisal oscr 5 montlis of rearing, or up to 
the time of seaward migration It is cstimateil that the combination of 
spawning in the artifiaal channel and natural rearing in the lake ssill 
add I million salmon to the Skeena Riser fishery at a benefit cost ratio 
of 4:1. 


PACinC SALMON HATCHERIES 

HISTORY 

HalchcriM have a much longer hirtory and hare been more thoroughi) 
eialuated than arlilicial spanning dianncls A icclinique lor hatclicr) 
propa^lion of anadroraoiis salmoniUs rvas first developed in Canada 
around 1837 and soon spread to the United States. Early emphasis in 
both countries was on cliinook and colio salmon, and these species were 
propagated and stoclcd continiiouvly tliercarier, despite tile lack of an) 
evidence of success until recently 

The failure of the early hatcliery programs in Nortll America was 
largely due to ignorance of the life history of ehinook and coho salmon 
The discovery, in the ISlOs, that cliinook salmon spend tlicir first 90 daj-s 
to 2 years of postcraergent life in freshwater and the subsequent rcalira- 
tion that coho and sockeye salmon require a similar freshwater nursery 
period liavc radically clianged tlie ecological basis o[ Pacific salmon cul- 
ture in North America Today it can be asserted that hatcliery propaga- 
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amcsm o£ these devtces has recently been 

ture o£ cltum and pink 4he 'environment in a hatchery 

from the incubator to estuarine wate believed by 

tray is of course very different from that tn a „ ,be 

attics of tray incubation that bred fry Research in Japan 

repeatedly observed poor survival of h vy ,,inion fry return as 

indicates that less than 0 5% of hatchery “ /iLd for tvild 

adults, as compared to the 1 to 5% returns normally anticip 

''^Suggested changes in incubation ‘^‘*"'‘’“^batche''ry mcubators are 
texture and water velocity Currents in stan natural or artificial 

ten times as swift as those found in bottoms 

spawning beds, while the more or less ^Horded by the irregular 

of the trays offer no shelter comparabl hatchery fry 

conformation of a gravel bed The net e V ^j,,n,a,ning their 

must exert considerably more effort tna reduced stamina 

positions, resulting in poor utilization o t e y j^n55,an biologists. 
These factors were apparently const er Soviet Union has 

but It IS not known if any practical app lea i states has been 

resulted More recent work in Canada ana British Columbia, 

extended to the field in several locations in 

and Oregon Canadian Department of Fish 

At the Nanika River hatchery o£ reach the eyed 

eries sockeye salmon eggs are kept m bottom controlled flow 

stage then removed and hatched m a survival from the 

channel In 1968 to 1969, the first seas^ ^ n/the young which left the 
eyed stage to emergence was 60 to 80%, an 

channel were comparable in size to wil ^ versus natural fry was 

A more thorough comparison of ch^ne ;o jver, British Columbia 
made for chum salmon from the Big Qtia ic |^^Qj^5bips, or chemical 
No differences in length, weight, lengt during the down 

composition were observed in young * ^ p^nds for 10 weeks At 

stream migration nor in fish reared m ^ salmon ry 

Hooknose Creek, British Columbia, ^ ^ similar to ivdd fry 

artifiaally incubated in gravel were J retarded 

rate of development, but growth of the ha^e indicated that 

Laboratory studies at Oregon State _„-nged m gra^el m a sing e 
salmon eggs and alevins develop best f pf 50 to 220 cm/hour. 

Hycr perpendicular to a water flow wt a provide such con i 

and the university's Netarts Bay '„i from a natural chum 

•ions on a fairly large scale Water is p P 
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Plate 8 Making incuion m the belly oI a pmk ulnon for ipawii taking (Courtesy 
J M Olson) 


Oregon and Washington, where spent fish from chum salmon hatcheries 
are sold as food 

COMPARISON OF HATCHERY REARED AND WILD FRY 

The largely temperature-dependent processes of hatching and reanng to 
the free sssimming stage (corresponding roughly to the time of emergence 
in nature) may taVe seseral months Both processes are normally earned 
out in troughs or dnp-type incubators (sec pp 400-404) but considerable 
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FRY REARING 

As one might expect, young of chinook, “"^^'“g^^eflemve It has 

be reared for some time in freshwater if s o ^ , must becin very 
been shown that, for sockeye salmon at “ “^f.^Satel^ 

early in the rearing process If food is Jsult For this 

upon absorption of the yolk sac, impair gr fingerlings, 

reason, food is usually presented to alevins as well as f^ and ting 

although actual feeding by alevins „ln,ons seems to be 

The general policy with regard to c „],etlier they are 

to release the fry upon emergence diey 

released directly into an estuary or into There is however, some 

will make their way to the sea with little e y fry may also 

evidence that artificially produced chum and pink salmon fry m y 

benefit from short term rearing in freshwater c^me expenments 

The first efforts along these lines were f P-^^’j.^.fn^^ment of 
earned out in the early 1960s by the ,iwater lor a short while 

Fishenes, in whidi pink salmon fry reared in freshwater^ ^ 

returned to their hatchery as adults ^ to pracucal application 

The Washington experiments might a diet 

were it not lor the difficulty of feeding the y 

oi brine shrimp (Artemia) resulted in a sur suffered losses 

poor growth, on the other hand, fry fed on m 

of 40 to 50%, but attained sues two to three i overall survival, 

on brine stomp Returns from stocking 

from egg to adult, did not differ between t e P ^P^ 

An experiment in freshwater rearing „ o^h of the Soviet Pacific 
out m 1965 by researchers at the Sakhalin a max 

Fisheries Research Instilute A 620 m- coniro ^ natural chum 

imum depth of 50 cm and a bottom *'™ ‘“g jodlion fry and harvested 
salmon spawning area was stocked wit niuch of their food from 

after 37 days The fry apparently o„ded in the form of 

natural sources, but supplemental feeu y placed on underwater 
walleye pollock (Theragra ‘^''“''"fT’rTmvtli rUs excellent, and at the 
feeding tables two or three times daily tomachs of the pond reared 

lime of release it was determined that t re ® ^ conventional 

fry uerc three times as full as those of comp r,,c,uer use was made of 

liatcheries or natural stocks It is not known it furthe 
fills technique „lmon fry and fingerlings have 

Applied rearing programs tor Paci ic Qpn „£ the most ex 

usually been earned out at low lese s o . rearing program of 

■ensue such operations was the controlled natural 
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salmon spassnmg stream to elevated orcular tanVs and Ictl b> gTavitj 
to a series of covcrcti hatcher) nnks, witJi a total snrfifc aica of 55 5 nt* 
Flou viiiliin the lanU is dircctcti so as to proccctl at 50 to 100 rm/hour 
in lx>th upward and dounveard directions ihrongfi a substrate of OC to 
I 8<ni cnishetl rock \t this rate it is ficlicscd that a slmhargc tnio iJic 
hatdicr) of 1 ft*/scc s\ould he adequate for 5 to 10 million fry 

Ferithzctl eggs arc placctl in the tanks itt sacen Ixittom tra)S On 
hatching, the alcsins drop through llic sacen and onto the rocks I he 
la)cr of rocks need not l>c deep, it has been found that grosvtli of alcsins 
on tlic surface of a gravel Ixm! is as gootl as that of buried alcsins. pro- 
sided the) art shicldeil fiom light llie tanks arc allouctl to osciflos^ 
so that emergent fr) maj csca|)c in a natural nnnner and, after trascning 
about 15 m of slialloss ditches, piss direct!) into Ncfiris Bi) 

1 he 19f/J to 1970 season svas the fint season of ojicration for tlic 
hatdicr) so a complete csahiation cannot l>c cssi)cd for scscral )ears, 
hut initial rates of hatclitng and emergence arc encouraging 


TAELF 3 SLRSISAt OF PINK ASO OILM SAI.MOS FCCS IN TANKS AT TJU 
NFTARTS BAY HATOirRS, ORFXXJN 


srraM 

MONTH 
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so ices 
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NO 
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r*v 
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Pint 
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503 Of >0 
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salmon 

November 

280 000 

225 000 
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DctcmlicT- 

mid 

February 

Fcbruai) 8- 






MarcJi J3 

socRCE McNeil (1970) 






The better sursisal of chum salmon ilian pink salmon ssas attributed to 
poor svater circulation in pink salmon tanks, s»lnch ss-as corrccictl h) the 
time chum salmon tanks sscrc placed in o|)cration 1 he source of eggs 
ma) also base been a factor, chum salmon eggs sscrc obtained from 
Wluskes Creek, svliich supplies ssatcr to the hatcher), sshile pink salmon 
eggs had to he imponed from Alaska On Uie other hand, chum salmon 
survival might have been even higher sscrc it not for 5000 eggs remosctl 
for experimental use The ficliasior patterns of fry emerging from the 
tanks were quite similar to those of wild fry 
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In several cases there is reason to beheve tlrat 
agement would have resulted in increased production, but 
of the appropriate measures, particularly fertilization ^ 

control, wLld often have conhicted with Ta ua 

the bodies of water involved On the basis of individual 
tions of 29 of the rearing areas, it was recommended to 'e ^pa« 
of Fisheries that the controlled natural gP^^^Xhis recommenda 
in at least 12 with a combined surface area o 
non, along witli consideration of the marpna ^ ^ 

other areas, the costs of maintaining station > fertilized 

adults which return to the rearing bTSl sfatfovlrt om 

eggs to hatching facilities, and the ° ^led to a reevaluation 

line development, pollution, and so on. y natural 

of the entire program and rejection of th combined 

rearing, except for experimental purposes o 

with conventional hatchery operations .vnenmented with some 

The Oregon Fish and Game Commission has expen 

what more intensive pond rearing of dnnoo a provided 

hminary indications arc that freshwater ^ results with saltwater 
the fish can be given supplementary feeds incurable 

ponds are less auspicious because of the prevalence of the yet 

disease vibriosis , „ared fair numbers 

The Washington Department of Fisheries dut, as of 19fi3, 

of salmon, mostly fall chinook salmon, mi n 1*7 In several in 

overall average retuins to the hatclieries , jt°difFerent hatch 

stances, however, returns ot 0 8 to 1 0% were r ^ considerably 

mes, suggesting that the rearing process mig i ^ inception of the 

Two major improvements have been narrow raceways, as 

fall Chinook salmon rearing program of recirculating 

used ,n i.„.l,„.„ tiavc been abandoned in ° 


»sed m trout hatcheries, have been aban one analogous to those 

ponds, which produce stronger fingcrlings, or r and health of 

favoring "natural" spawning beds over ”“'”^*dicaied that the optimum 
olevins (see pp 472-474) Second, ■^“'"“‘''“r^per.ments m Washington 
length of the rearing period 15 about J “' d after jy. 45, and 91 dajs 

showed that young fall Chinook salmon liberate rcspcctivcl) In a 

of . . - nni. 0 1. and u / /o’ ‘“1. , „ 


>wed that young fail Chinook salmon * ^ rcspectivcl) In a 

rearing returned at rates of 0 01, 0 , ^ gO <la>s uas 21 

similar experiment, survi\al of fingernngs increased b> further 

limes greater than tliat of fry Survival n^ore than offset 

^tension of the rearing pcnotl, and imp , at a sue that svould 
hj increased feeding costs Coho “Tr.olv/ vvhcrcas 7 to 8% of fish 
comprise 77/kg showed a return ot I to i /o’ 
released at tsvice that size returned 
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,he Snlc ol Wuh.npon! nc|ntlmcnl ot f.i icriw ( 

Salmon fr, ^^crc stocked ptotcttcl nn.ur-.l .tul 

fresh and salt nater, and allonetl after a at.ital.Ie ...ne ...tereal to eacar«: 
to the sea 1 he nateia stockeil ransetl from 0 t to 210 ha it. st.tfacc 
in 19G1, a snltwatcr .ircai tutalhnK 171 fu ’H"! -5 (r«Inoicr arc'i% 
ling 785 lia. \scrc in uic 

Predatory fnlies v.crc inually climimtetl bv »»c of roicnonc or 
aphcnc. and in some caw H lliooglu ncccsury lo reguhte tlic uatcr 
Ic\cl Otherwise, rmnagcnicni of the rearing arcTs slight, though 
some attempts sscrc matk in small ponds to aitificially turn o\cr t ic 
isatcr by means of aeration inci stipjilcmcnial frcihng and/or fertihra 
lion Vkiili one or more of a licuildcnng \-anciy of Mibitanccs was 
times employed In lOlR chinoolc. coho chum and pink salmons s^crc all 
stocked in controlled naiuril rearing areas (la!>le 1) and a fess soeVeye 
salmon had been stockctl in prcsious yors, hut fall chinook and coho 
salmon pretlomimtcsl largely due to ihcir jnrarnoiint ini|»rianre in 
tlic inacastngly s-aluable sjiori fishery 


TABU 4 SUMBERSOI SALMON STOCKm BS Tlir SSASHINC-TON 5TAT1 lU rABl 
MtNTOr ItSltriUESlN CONTROtLKONATLRAI Rr-ARtNO ARIAS IS 1901 




TOTAL 


srrcira 

ASr so STOCXID 


rtrt 

AREA 

NO or 

AREAS 

ivfir 

<HS) 

cntio 

TAU. 

OMNOOK 

Irttvc 

OIISOOK 

aiLU 

fJsK 

Fresh 

water 

25 

785 

I 75WS6 

5510572 

1035« 

— 

— 

Sail 

water 

e 

174 

1JIXW55I 

2510472 

- 

1524516 

155013* 

Total 

3S 


2 705^87 

5,72IJ0H 


1524516 

1539 156 


soLicr Crutchfield « al (19GS) 


An economic analysis in 1965 of the conirolletl natural rearing program 
indicated a bcncfii-cosl ratio of only 0 15 I Alihougli resources such as 
salmon populations can never be adequately esaluated m monetary tenns 
this definitely cast doubts on the adsisabtlity of the program Biological 
and economic evaluations were also made of individual rearing areas 
Standing crops of coho salmon, where they could be determined, rangctl 
from I 1 to 407 kg/ha, populations just prior to 5cas\ard migration rangcsl 
from 29 to 39 840 smolu/ha Less data arc available for the other spcacs 
stocked, but colio salmon are generally assumed to be the most productive 
speaes in environments sucli as those presented by the controlled natural 
rearing areas 



CULTURE OF THE PACIFIC SALMONS 479 

Rearing o£ sodieye salmon fry goes on at 

sizable sockeye salmon culture P™S Leavenworth, Washington, 

the Leavenworth National Fish used up to 

where conventional Paafic salmon hat ery j kept m 

the time of absorption of the yolk weather starts to 

indoor troughs until about the hrst o p . overwintered 

warm up, then stocked in outdoor po nearby Lake Wenatcliee 

at Leavenworth but are released in ^ the Hrst full year of 

Sockeye salmon have been „ a„d released in the spring 

life at the Winthrop National Fish Hate ry 
for their seaward migration 

DISEASES AND NUTRITION rearing 

Two problems whicli have beset Pacific salmo nutritional de 

first became part of the culture proems populations of Pacific 

fiaenaes Among the diseases observed in disease, columnans 

salmon are bacterial cold water disease, ac sporocytophag^f 

and a similar saltwater disease caused y , ^5,5 or fish tubercu 

furunculosis, vibriosis, kidney disease, yolk disease, worm 

losis,’ protozoan diseases, white spot or ^ these, particu 

infections, and a number of specific virus ^g treated 

larly the virus diseases, are presently meu 

with fair to excellent results i,„ricts to disease problems is 

The traditional approach of salmon cu referred to Davis, 

drug treatment (the reader interested m g^ Chemical prophy 

1953) but present emphasis is on preven^ vaccination is beginning 
laxis, as ap*'’”"'^ *" i’j»tchenes, is used, ^ arc m 


present emphasis is on vaccination is beginning 

as, as applied in trout hatchenes, is us ’ ^ nutrition arc m 

to play an important role, but 6®"'“' ^ disease prevention 

creasingly being recognized as major r young salmon was ma 

One link between nutrition and ®ent spawners and 

clear when the practice of feeding t le ca incidence of disease par 
other fresh offal was generally abandone dramatically ic 

Ucularly mycobactenosis and some o i feed is extreme y 

diiced The concept of using salmon ra j^c large 

attractive economically, since at a ^ow be sTfel) converted 

supplies available annually at no cos 7 Univcrsi ) 

to teed by means of a process developed • combined with t"' 

Washington The carcasses are made m ortholisatc ma> > 

orihohsaie also derived from the spent s fjnt icid digestion )> 

prepwed very rapidly by use of oUiours The two ingrethcn s 

natural salmon enz) mes takes only a ma 
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Fic 2 CarT>jn ;5 capacity of OT)^cn-8aturatcd 

ftatcr al nomul actnity letel of fingerliog 
Chinook talmon as affccinl l>y water leiapera 
lure and fiih sue (After nuirow and Combs 
19C8) 


Stocking rate 15 a cniaal factor in any form of full culture, including 
hatchery culture of salmon Although many \ariables are insoUed m 
determining maximum and optimum population densities m haiclieries, 
and each hatchery must s%ork out its ovax requirements, Fig 2, sshich 
illustrates the carrying capaaty of oxygen-saturated ss-ater for cliinook 
salmon fingcrlings, may be useful 

Many other factors alTccting sursisal of hatchery reared chinook and 
coho salmons are being studied by fishery biologists in Washington and 
Oregon, among them nutrition, genetics, time, place, and manner of re 
lease, and acclimatization to sea water 

Studies of young salmon adapted to salt waier are presently being made 
at the Netaris Bay hatchery Under study, in addition to (all cJiinook 
salmon, are the presumably more salinity tolerant hybnds of chinook 
salmon with chum or pink salmon Pilot production studies are just 
under scay, but laboratory experiments base already shown that chinook 
salmon fry reared in water of about I5%c salinity for 20 days or longer 
will sumse in full-strength sea water Growth of such fish is inhibited, 
howeser, thus an intermediate exposure to water with a salinity of 25ju 
IS being tested The effects of rearing to a larger size before introduction 
to salt svaier and nutrition in salt water are also l>eing studied Prebmi 
nary indications are that the hybnds 5 Oncorhynchus gorbrncha X o 
OncorhynchuslshavrytschaznCL 9 Oncorhynchusketay. i Oncorhynchus 
tshau.’ytscha may adapt rapidly to sea water and render gradual acchmati 
Tation unnecessary 
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TABLE 5 (continued) 


SPECIFICATIONS 


INGREDIENT 

Soybean or herring oil 

60^' 

Stabilized witli 0 3337o »riA 

BHT (1 1) soybean oil to 
be fully refined, herring oil 
to contain less than 5 ppm 
DDT (including analogs), 

less than 2 % free fatty aads 

and not to be alkaline re 
processed 

Choline chloride 

05 

" 100 ^ 

Liquid, 70% product 


“Not to be used in or a/ot . . 

‘ Delete 0 3 perts cl for every 10 parts 
“ Add 0 5 additional parts oil for every 1 P 
^ May be deleted from 1/32 inch pellets 

SOURCE Leitlt (personal communication) 

are combined with a commercial con^aling agent and blen 
a highly nutritious and palatable feed , „ou teed prepared, 

Most dnnooVt, coho, and sockeye salmo prevalent teed 

pelleted, and powdered feeds m Moist Pellet, whose com 

m hatcheries in the United States is t le r g ^^^, 55,00 subsequeiill) 

position IS shown in Table 5 ..nn of which is shown in 

developed a starter mash for fry. the ‘^“"’P, , ,n Oregon indicate 

Table G) Experiments conducted at varicis return to the 

that cliinook and coho salmon fed the b 

hatchery at significantly higher rates ’ ‘ .,rid disease prevention 
Vitamins are of course important have been fairly well worked 

»n Pacific silmons, and their require ^ ndihng a prcprcparcti 

out Hatcheries usually meet these tcq>"tcme „[ „„s premix 

crystalline vitamin premix to the feed ,„„,,rnn]K as more aiitl more 
and other parts of hatchery diets , _[ salnioiiids T he com 

•' Icarnetl about the nutritional rctimrcm , 070 , is shown 

position of the premix used in Or^on o, Mtamin dcficicn 

in T able 7, while 1 able 8 lists the known sy P 

ties 111 salmonids ,„r,!ion of Pacific salmons have 

'ilost of the imiiortaiii advances in n iiniserstty s Seafootl Pec 1 
'leeii the result of work done by Oregon Unilml States 

nnlogs Group or by Dr John ‘’“''"’’."Vvestern Fish Nutrition Ijl-o- 
Ihi.eau of Sisort Usher, es and W.ldUfu’ Western 



TACLr 5 FORMUIJ\ANDISr8JWK-NTSrrCni<-\TJOS5IORlliroklCON MOIST 

PFLLFT SALMON DIFT, NOSFMPrJ^. 1^*0 

tstRtBitvT • ricrvTArr 

strut JCATtONS 

Meal mix 

Hernnf; meal 

280 

Canadian or domestic, mini 

Couonicci mca’i 


mum "0% protein, 
neat, containing the her 
ring solubles 

VitTonvas*. siiA-.tTA x*x\T««.e*i, 

Drictl vlic^ protluci 

SO 

not more than 001% free 
gossjjxsl ininimiim 50% 
protein 

roiemtnt MNC or tqunalent 

Shrimp or crab meal 

10 

Maximum 3% ult (NaCl). 

(preferably tlinmp) 


crab meal to contain mini 

\\ heal germ meal 

40 

mum 30% protein 

Minimum 25% protein and 

Com dutillers dried 

40 

7% 1,1 

solubles 

Viiamin premix 

t 5 

Set Table 7 

Wet mix Tvioormotcof 

300 


die follot^ing six fidi 
prcKluas, protuled (hat 
none shall exceed 15% 
of the total diet, and 

1/32 and 3/6-J inch pellets 
shall contain at least 7 5% 
tuna siscera 

Albacore tuna siscera 


Wiihoui heads and gdls. smiIi 

(T/junnuj afefunga) 


Iiscrs 

Turbot 


\Miole 

(Athereslhes itomias) 
Salmon Mscera 


Without heads and gills, Viith 

Herring 


lisen pasteurized 

Mliole, pasteurized 

(Clupea pallasti) 

Dogfisli 


Mhole, with h\cn 

(Squalus acanlhtat)^ * 

Habe (Merlucaui 


UTiole, pasteurized 

pToduclusy-'’ 

Kelp meal 

20« 

Algit 
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Chinook salmon, Lvh.ch has been more thoronghly 

salmon from a hatcheryman's point of viesv If nd Tanfr 

fecundity of a chinook salmon female is about 400 g^. 

tually 100% of these are fertilized we “I”"; till pensl7before 

spawning pair Under normal conditions, 99% remaining 

reaching the sea as smolts On the averag , % 

smalts till not survive to sexual maturity, '“ving oriy 4 Mi Jhe old 
salmon fishery management policy was to rnduce Applying 

of the annua7run an5 harvest 50%, leaving 50% to fl 1 sex 

this to the remnant of our original 4000 emb^os and "B “ tn72 
ratio, we are left with 2 of the potential 4000 fish o 

to perpetuate the species Since rndersSod, the task of 

to year, depending on factors which are ,[„ „ood year, the 

the fishery manager is not enviable In an e p manager may 

spawning streams may be crowded with may result 

be accused of wasting fish In a poor year, a g manaEer who is "to 
tn depletion of the stock, and again it is the fishery manager 

blame tor not being ommsaent ,n,„„nk salmon spawn 

Let us now assume that our hypotheura pa^r o^^^ 
ers were artificially bred in a hatchery We y results are often 

mortality to the sraolt stage (in .. go to sea Even it 

achieved), which leaves 2400 fish, instead - 

sunival of the hatchery reared smolts is on y miture adults 

natural smolu (5% instead of 10%). the resu s table, in the can, 

The fishery manager now has 118 salmon to pu greater margin of 

on the hook, or wherever we want them, an 

error to work with reality? Yes, according 

Have these theoretical calailations any a Bureau of Commcr 

to an economic study conducted by the Unite clipped 30 milhot' 

cal Fisheries Bur./g 1961 to 1964. BCF Hn d.pp^_^ ^ 

Chinook salmon smolts liberated from I r » total hatchery prodiic 
tngton which, together, account for 95% o ^ , gterage of 23% 

tioii of the species Starting m 1963, they ^ salmon from Mo" 

of the total sport and commercial oatcli o concluded that 

•orc) Bay, California, to Alaska for markcu i ^,^ 1 , of 

the Spring Creek hatchery alone had pro u“ » sport catch In con 
the Columbia Riser gill net fishery, plus i ytcd about 675.000 kg 

cetc temis. the Spring Creek Intcliery had conn ^ other 

“■ 3 year-old chinook salmon to the U°’um n. hencfits of the 

hatcheries contributed as much as 22 j .00 B ^ ipfiG. n 

ptegram are also felt outside Oregon "‘oo-oJo 1 year old chinook 
''as calriil->i/v,i ,i,n. or. onn. or 11 1% 
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Fio 3 ReUtiomhip of fmling raitf lonpcraturc and growth in yearling »o<ke)e 
salmon (After Drett Shelbourne and Shoop 1909) 


ratory, Cook, Washington, and (urlhcr important dc^cIopmcnt^ may be 
expected (rom these sources 

The quantity of feed is as important as the tjuahi>. overfeeding is not 
only uneconomic but may result m water pollution, while the effects of 
underfeeding arc obvious The optimum feeding rate is partially dc 
tcrmined by water temperature, over which the cultiinst often has htllc 
or no control Figure 3 illustrates the relationship of feeding rate (wiili 
a prepared feed similar to the Oregon Ptllct), icmitcraturc, and growth 
m weight of yearling sockeye salmon 
From Tig 3 it would appear that the optimum temperature for growth 
15 in the neighborhood of 1&*C, and this figure docs coincide with a gen 
eral physiological optimum winch allows greatest tolerance to oxygen 
debt, maximum sustained swimming S|>ccd, and maximum total meta 
holic activity However, it should be borne in mind that tins temperature 
js also more favorable for most disease organisms than the colder tern 
peratures customarily encountered by salmon in nature 

EVALUATION OF HATCHERY PROGRAMS AND THFIR POTENTIAL 

Economic and biological evaluations of hatchery propagation programs 
for fishery animals have generally been negative, as tlicy Inve been for 
the efforts of the early Pacific salmon cultunsis in Canada, the United 
States, and Japan Recent improvancnts m technique, however, Iiave 
greatly altered the picture Let us take, for a theoretical example, the 
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TABLE 8 VITAMIN DEFICIENCY SY NDROMES IN SALMONIDS 

SYMPTOMS 


Thiamm 


Riboflavin 


Pyndoxine 


Pantothenic 

acid 


Inositol 

Biotm 


Fohc acid 

Choline 

Nicotinic 

acid 

^‘lamm 

Aicorbic aad 


P'Ammobcnzoic 

acid 


■poor appetite, muscle urophy, convulsions .nsnb.i.ty 
and loss of equilibrium, edema, poor growth 

Corneal vasculanralion, cloudy 

photophobia, dim vision, incoordination, Anom 
pigmentation of ins striated constructions of abdomi 
naT^vall, dark coloration, poor appetite, anemia, poor 

----- 

pir^wh! distended stomach, increased gastric empty 
mff time, skin lesions 
Toss of appetite, lesions m 

atrophy, spastic convulsions, fragmentation 
cytes, skin lesions, poor growth 
Poor growth, lethargy, fragility of caudal fm, dark col 

ation, macrocytic anemia 

Poor growth, poor food conversion, hemorrhagic k,dne> 
and intestine difficult mo 

SeTa’of stom^di and colon, muscle 

pr:;rir::^:^^.r;::;nentat.ouoferyth 

cartilage, cye lesions, hemorrhagic skin, 

iniesitnc, muscle mortalitv 

No abnormal indication in grow th. appet , 


*oiRcr Hahcr (1970) 

salmon nken m the Camtiian troll fishery hul Intchcry program 

“ICS under study The overall bcner.i cost ratio of the haicnery , 

"« estimated at 2 3 1 . , , ..roirrams were initiatctl 

Smiilar csahiations of cotio salmon hate t 1 oncr csiiericnccd 
Oregon in 19G3 'I he following year, the Co i generally at 

I'tgest coho salmoti nn. ... history, on even, which B 



TABLr 6 FORMtLA FOR TllF ORFCON STAETTR MASM 5.AL.MOS FE' DIFT, 

AOFEMBER, 1970 (iaCRFFUF-ST SPFXIFICATIOSF S AME AS IN TABU 5) 

FFRCTSTACf' 


Meal mix 
Herring meal 

Wieat germ meal ‘ 

Dned v.he) product (MNC) 

Com disiiller’j dried soluble* ® 


Albacore tuna \iKera 

Turbot, salmon viscera or herring 

Kelp meal (Algit) 

Soybean or hemng oil* 

Qioline chloride 


• To contain BHABHT (I I) 


TABLE 7 OREGON STTAMIS PRE^flX FOR SALMON DIETS, CUARASTTJTJ MINI 
Must ANALYSIS AND S ITAMIN SOURCE UMITATtONS, NOS EMPER. 1970 
GUARANTEED MIMMtSt 


MTAttLN 

ANALYSIS PERPOLND 

SOURCE UVirrATtON 

Ascorbic aad 

27 0g 


Bioiin 

18 0 mg 



IB mg 


E 

15^000 lU 

M’ater dispersible alpha tocoph 
cryl acetate 

Folic aad 

2150 mg 

Not zinc folate 

Inositol 

170 g 

Not phjiaie 

Menadione 

1800 mg* 

Menadione sodium bisulfite com 
plex or menadione dimethyl 
p>Timidinol bisulfite 

Niaan 

57 8 


d Pantothenic aad 

5-2 8 

Calaum pantothenate or cliolmc 
pantotlicnaie 

P)Tidoxine 

5350 mg 


Riboflavin 

IGg 


Thiamine 

715 0 mg 



• The biological activity ol 1 80 mg of menadione is required 
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ABrm HtaHsrlToIdFlovl 307101228 l/mm/Jp) 


Waste 



Fk 4 Rtdrcukting water and environmental control system 
fishes (A!ter Burrows and Combs, 1968) 

f 14 to 20:1. At present, it JS 
mists currently claim a benefit-cost ^ maintained by in- 

estimated that chum salmon runs in Ho at annual commercial catch, 
vesting only 6.2% of the average value o£ the an 

LONMENTAL CONTROL IN HATCHERIES 

ature developments in Pacific salmon salmon culturist is 

asize environmental control. At pres . culturist. Far 


NVIRONMENTAL control in hatcheries 

•tture developments in Pacific salmon *'®**^^’ ^ salmon culturist is 
nphasize environmental control. At pres . , culturist. Far 

aich more at the mercy of the elements t gnvironmental van 

eater control could be exercised over a n possible to 

ties if hatchery ^vaters ^vere recirculate . oxygen content, re 

^gulaie the water temperature, maximize measure. 

lO'e ammonia, and sterilize the water as hatclier)' s>stcm dc- 

Figure 4 is a schematic dramng of a rea ^imonids. Water w uc i 
‘gned to provide a controlled environmc rearing ponds in 

'as been through the system once is a 1.2-m-decp la)cr o 

I'e reuse drain line and passed to fil*<=^,^"";gn.ster shell. The rock 
barp rock covered by a 0 3-m layer o nitrifying bacteria, w 

oyster shell bed is ideal for the ^ svithin tlic rccircu ating 

^on\crt nitrogenous wastes to nitrates, m 
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mbuted to .mpro^ed hatchery techntques A 

tion of the better coho salmon hatchcnes suggests benefit cost ratios ( 
taking account of amortiiation) of 5 5 to 5 5 1 

Proponents of chum and pink salmon hatcfier.es are optimistic that 
artificial propagation can also contribute elfectisely to North A-nena 
fisheries for these speaes Speaking of chum and pink salmon, W.lham 
] McNeil head of Oregon State University’s Pacific Fisheries Laboratory, 
has asserted that Hatcheries and other artificial methods can increase 
egg to fry survival by 4 to 80 times over that in natural streams Lven 
if sve assume as sse did for chinook salmon smolts that hatchery fry o 
chum and pink salmon are only Iialf as viable as svild stock, the 
for supplementation of the fishery is obvious McNeil has calculated t at 
m nature a high quality spawning bed, receiving a flow of 10 ft^/sec, 
may with an optimum density of spawners produce 2 2 million fry/ a 
In an improved spawning cliannel under similar conditions, this prt>' 
duction might be increased by a factor of 5 But, based on experience at 
Oregon States Netarts Bay faality, a well-designed hatchery, using the 
same amount of water and far feuer adult fish might produce 220 
million £ry/ha The latter figure, based on a small prototype study, is 
course highly speculative but indicates that tremendous improvement 
over present methods of salmon production is conceivable 

Again there arc supporting data, this time from the Japanese chum 
salmon fishery On the island of Hokkaido there are approximately 160 
chum salmon spawning streams 65 of the larger ones which together 
contribute 98% of the total run have hatcheries on their courses Of 
the chum salmon which enter these 65 streams an average of 57 7% or 
approximately 567o of the total Hokkaido run, are spawned artificially 
at the hatcheries It has been estimated that this 56% of the spavvoiers 
contnbute an average of 77 2% of the adult chum salmon returning to 
Hokkaido No data are available for the success of natural reproduction 
of chum salmon in Hokkaido but if eggs from undammed and unpol 
luted streams m southeastern Alaska are used as a basis of comparison it 
can be shown that the rate of return from hatchery produced eggs m 
Hokkaido is 80% greater Even in Honshu which is near the southern 
limits of the range of Oncorhynchm keta, and where pollution damming 
and other detrimental Jiuman interventions are common hatcliery repro- 
duction is 21% more successful ihan natural reproduction in southeastern 


Alaska streams 

As elsewhere hatchery fry in Hokkaido suffer greater mortalities m 
nature than wild fry, m this case by a factor of 2 to 2 5 If this mortality 
could be substantially reduced then the already impressive contribution 
of Japanese chum salmon hatchenes could be increased Japanese econo- 
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sataon. Its potential for producing salmon f^ 111 

been reduced by annual scouring floods and a 

eliminated by die installation of a Discharge, which formerly 

bypass for flood water from a tributary ■ * at 40 to 700 

Jried annually from 15 to 7000 ft^/sec. is now 

ft3/sec. In addition to enhancing the surviy Iona, ^12 m wide 

has made it possible to construct and „ incubation stations, 

artificial spawning channel, two spawning . introduced 

and several rearing ponds. In addition, pin j £ chum salmon 

to the watershed. In 1969. the „1 spawning areas 

fry from the hatchery, the artificial c lan , responsible human 

was a record 53.5 million. Sucli com ^„r,ironment should be 

intervention with optimum use of 
encouraged wherever Pacific salmons are spaw 

PROSPECTUS FOR PACIFIC SALMON HATCHERI 

In 1963, it was calculated that to sustain milh^on™fist'(aU species 

time-high North American salmon catch o survival rates. Ob- 

combined) would require 266 billion eg^, a begin to fertilize and 
viously no system of artificial , ries, while even then 

hatch that many eggs. It was assume t ra ^ j^nrentary role in the 
locally important, were destined to p ay ^ leading to the figure 

overall salmon production picture. Th .-caoement formula. As we 

given were, however, based on the old should be possible to 

have seen, if hatcheries are a major source o ® jource. At the rates 

harvest well over 50% of a run without ‘*«P a fishery yield of 152 

of survival typical of the best present-^ ay jUrouch the fertilization of 
million fish could theoretically be maintaine „ of spawners. 
4 to 5 billion eggs— the product of P““P' artificial propagation 

The spectacular improvements in tec q roncerned with the future 
of Oncorhynchus spp. should delight ^”7® should be made of them, 
of the Pacific salmon fisheries, and maximu environmental com* 

but they should not be construed as an e commercial an 

piacency. Even if it becomes possible to supp propagation, the 

sport salmon fisheries solely on uy pollution, dams, and 

continuing destruction of natural sa isjntural runs should be mam 

thoughtless urbanization should be resist ■ „,.^prve wild stocks an 


. commercial and 

XA iz. 

sport salmon fisheries solely on the basis 
continuing destruction of natural salmon 
thoughtless urbanization should be r^isl ■ j^crve wild stocks anc 

tained not only for esthetic reasons but a y £ unforeseen calamity 

"nols. It is not inconceivable that -ns thus far made n 

— uf widespread, could negate many event, the continu 

Iwichery culture of Oncorhynchus spp. 
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system The oyster shells also prevent the accumulation o£ &ee carbon 
dioxide This technique, though commonplace in sewage treatment, has 
rarely been applied in aquaculture 

Water from the filters is pumped under pressure through aspirators 
into the aeration tank and returned to the rearing ponds by gravity flow 
In this way, the dissohed oxygen content can be maintained at a mini 
mum of 6 ppm without causing supersaturation with nitrogen Surface 
agitation, as used in conventional hatchenes, is equally effective as a 
means of aeration but, m a rearculating system, also allows possibly 
lethal concentrations of nitrogen and carbon dioxide to be built up 
Temperature control devices may be built into the filtration system, 
and these can be automated at little additional cost Ultraviolet sterihza 
non may also be incorporated in the filtration process Sterilization is 
not feasible in con\entional hatchenes, but with a rearculating system 
such as descnbed, where only 2 to 10% of the total volume of water need 
be replaced to make up for evaporation, leakage, and so forth, ultraviolet 
radiation may economically be employed The reader interested m more 
detailed information on the design of hatchery rearculating systems 
should consult Burrows and Combs (1968) 

Systems such as the one just descnbed undoubtedly have the capability 
to increase the number and size of young salmon produced, with the de 
sirable side effect of reduang pollution from hatchenes Before salmon 
cultunsts commit themselves to wholesale adoption of water recircula 
non and environmental control, however, they should pause to consider 
the possibility that young salmon reared under uniformly favorable con 
ditions may be less well equipped to cope with the natural environment 
than the less numerous survivors of more primitive propagation systems 

HATCHERY SPAWNING CHANNEL COMBINATIONS 

Although artifiaal spawning channels and hatchenes have been discussed 
separately, it is not to be assumed that these two approaches to Pacific 
salmon conservation are mutually exclusive On the contrary they may 
profitably be combined where more spawners are available than can be 
handled at a hatchery, or where it is desired to improve the quality of 
ariiBaally produced fry An outstanding example of the integration of 
vanous methods of salmon culture and fishery management is the Big 
Qiiahcum River Development Project of the Canadian Department of 
Fisheries 

The Big Qualicum River, which flows 4 3 km from Home Lake into 
Qualtcum Bay on the east coast of Vancouver Island, has in the past sup 
ported a fair natural run of clium salmon and a few chinook and coho 
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hatched socheye salmon eggs from the Baker ^-er rn north^ 
Washmgton and stocked the fingerhnp tn the 

were successful, it was reasoned that su stan ' jg^g ap 

eye salmon should ha\e homed to t e river Then, unex 

peared, and the experiment was ^„,ered the river Apparently a 

pectedly, in 1960, 12,000 sockeye sal Subsequent runs 

small run had been present considered to contribute im 

have numbered as high as 75,000 an 

portantly to commercial fisheries surprising is the present 

IVhat makes the Cedar River run initial stocking and the 

status of the watershed In the years etween through the city of 

present, the banks of the Cedar River, die Pacific 

Seattle, have become the most ‘^j*"/,ndustrie 5 , the giant Boeing 
Northwest, accommodating, among 

Aircraft complex .almon is Lake Washington, 

The nursery area for Cedar River ^ juch lakes in tem 

which IS nominally a ‘ warm water a remaining warm only m 

perate regions it stratifies during ® iiypohmnion is a layer of 

the surface layer, or hypolimnion Be temperatures which decline 

water called the thermocline, characterize y 

rapidly with depth The thermocline is i utilization by salmon 

but IS well suited to young sockeye sa ■” should be explored 

of this largely unexploited portion m o . techniques may even 

Transplantation, in combination nhicli are unsuitable foi 

be employed to establish salmon runs in , nciallv provided such that 
natural propagation If conditions can e carried out all 

batching of eggs and rearing of the you hatchery Such 

lhat IS necessary is that ripe spawners . pf sockeye salmon, 
methods have considerable potential in e ^ pacific salm 

have the most restrictive spawning United States Bureau o 

ons A case in point is the establishment y die 

Sport Fisheries and Wildlife ,,i.ral sockeye salmon spawning 

Methow River, Washington Unlike a cun, which 

streams the Methow River has no laK« is uiamtained solely 

originates at the Winthrop National i ^ifsprmg until time for sea 
by artificial propagation and rearing o 
■'^ard migration 

,.xwrE or Oncorhynchus srp 

OUTSIDE THE NATURAL RANGE , 

I .i.ik Pncific salmon ctt.® 

No sooner liad it been demonstrated for stock issued from 

artifiaally fertilized and hatched, 1 1 
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existence of large natural runs might a\ert a fishery disaster In maintain 
ing the stocks of Pacific salmon, as in ail ecologically based ventures, s^e 
should remember that disersity tends touard stability 

Improvements in salmon propagation tecliniques ha\e served to in 
crease or reneu interest in a number of other culture and management 
techniques including transplantation, genetic selection, and commeraal 
salmon farming Transplantation of fish to ncsv waters does not of itself 
fall within our definition of aquaculture, but in the case of the Pacific 
salmons this practice is so intimately connected with culture as to ment 
treatment here 


TRANSPLANTATION OF PACIFIC SALMON STOCKS 

WITHIN THE NATURAL RANGE OF OtlCOrhynchuS SPP 

Since the early days of Paafic salmon culture. Oncorhynchus spp have 
been introduced all over the world m regions far removed from their 
native haunts but. until recently, more notable results have been ob 
Uined from introductions within the coastal tributaries of the North 
Pacific. Sucli local transplantations may be carried out not only to intro- 
duce a speaes to a body of water where it is not native but to bolster 
production of v^eak rum This sort of stocking is particularly applicable 
to pink salmon management, since pink salmon have a ngid two-year 
life cycle, and in most streams either the odd or even year run predomi 
nates, m some pink salmon streams one or the other cycle may be com 
pletely missing Attempts have been made, with at least tentative success, 
to establish runs in such cases 

One of the earliest introductions of a Paafic salmon speaes to a new 
body of water occurred m 1923, when fry of anadromous Oncorhynchus 
masu were stocked m the landlocked freshwater Lake Biwa, Japan, where 
they became established Since that time, attempts have been made to 
establish most if not all the Oncorhynchus spp in vsatersheds where they 
are not native. Until recently, young fish have been slocked, but today 
It IS not unusual to plant eyed eggs m an artifiaal spavmmg channel as 
in the introduction of pink salmon to the Big Quaheum River, Bntish 
Columbia or to propagate and rear the salmon entirely within a hatch 
ery, m which case the stream serves only as a water supply and a highway 
for the spawners 

Another early and notable instance of successful transplantation took 
place m the Cedar River, Washington In 1932, Loyd Royal, then chief 
biologist for the Washington Department of Fisheries, obtained and 
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bow trout {Salmo gairdneri) and mast., and the 

well as the chinooh salmon, coho salmon* / 

striped bass (Aforone saxatilis), were considere . .glcon, continue 

I^vas eventually decided to concentrate on coho — 
normal hatchery operations with rainbow salmon 

postpone introduction of the other spec . desirability as a 

as the chief agent of alewife contrrf availability of eggs, and 

Ets iLS” "■ 

gate and rear. ,,,rrpssfullY adapted 

Although sea-run coho salmon stock has never j^nce of earlier 

to freshwater. Michigan officials profited from the expen 
culturists by correcting several mistakes, as o ows. 

•i,i» from environments similar 

1. Stock was selected, insofar as possibl , obtained 

>0 the new environment. In at least one mstanc Kcnai Fcnin- 

from a run which enters the Swanson lAiyer o Swanson River 

sula. A fair percentage of the coho salrnon 

never return to the sea but pass their liv« Oregon Fish Com- 

2. Fingerlings rather than fry 'vere p , . a j, a precondition 

niission, which supplied the first lot of eggs, s P 55 /kg. 

tliat all young be reared at least until t icy av small numbers 

3- The early Pacific salmon transplants ever plantings 

oI fish scattered among many bodies of vascd in one place. In 

consisted of no less than 200,000 fish ea 1, a poorly endowed genet* 
ffiis way it was felt that individuals which sv ^1^ ^^.^^ded out without 
'tally to cope with the new environment cou spawning stream, 

seriously reducing the reproductive potentia 1 vod, and fingerlings 

Only three of the most promising streams s'C 

were released where they would have easy acc , ,jr supplies arc de- 
4- It has been found that Michigaii la clement might well he 

'■'Cient in iodine. Inadequate supplies of ; pne was added at 

crucial to eggs and fry of anadromous salmonids. 

al hatcheries where coho salmon were kept. ,l,o Great Lakes 

3- Tlic original intent of stocking Paei le phssiological difficuines 
had Irecn to establish natural spawmrig r" i . offici.als also holies 

'n adaptation to freshwater notwithstanding, I ^^1-. solely on natural 

natural spawning runs but did not e-stimated that to sup- 

^‘^prcKliiciion [or maintenance of fisheries. 
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all over the world The result was a plethora ol ill advised stocking pro 
grams, which accomplished little more than to feed large numbers ol 
Oncorhynchus eggs and fry to various predators For example, between 
1873 and 1934 more than 6 million chinook salmon mostly fry, were 
stocked m the Great Lakes of the United States and Canada, but there 
is no indication that the survivors ever successfully reproduced The in 
troduction of chinook salmon to New Zealand resulted m a sport fishery 
which IS sustained entirely on the basis of natural reproduction, but all 
the other early transplants faded 

It is understandable, then, that more than a few eyebrows were raised 
when the Michigan Department of Conservation announced its intention 
to stock coho salmon in Lakes Micliigan and Superior, starting in 1966 
By now, all fishery and fish culture workers are aware that it appears that 
this introduction will be successful beyond the fondest hopes of its origi 
nal proponents It may be instructive to examine the factors which differ* 
entiate the stocking program initiated in Michigan from earlier attempts 
to introduce the coho salmon and other Pacific salmons in the region 
Certainly the time was ripe for introduction of a predatory fish Con 
strucijon in 1932 of the Welland Canal, which ciraimvcnis the impassable 
Niagara Falls, opened the four upper Great Lakes lo invasion by a 
number of previously absent fish species One of these, the parasitic sea 
lamprey {Petromyzon marmus), eventually became so abundant as to 
effect the virtual extinction of the lake trout (Sufuehniu namayciish) and 
the burbot (Lota lota), the major pisavorous species in lakes Huron, 
Michigan and Superior After years of research, an effective method of 
controlling lamprey populations was discovered and implemented, but 
by that time the valuable commercial and sport fisheries for lake trout 
had been destroyed At the same lime, another invader, the alewife (Alosa 
pseudoharengus). finding itself virtually free of predation, began to 
multiply at an enormous rate By 1966, it was estimated that 90% by 
weight of the total fish population of Lake Michigan was composed of 
alewives Annual production was estimated at 90 million kg. much of 
which was wasted in periodic mass mortalities 
Alewives have virtually no value as fishery animals, but it was rea 
soned that they would provide an excellent source of forage for the popu 
lations of predatory fishes which could be established now that the 
lamprey menace was eliminated Of course lake trout figured promi 
nently in the list of prospective alewive predators, but lake trout are 
confined to very deep water for most of the year To exert control over the 
alewife at all levels, it was deaded lo stock a relatively shallow water 
predator Already, the pink salmon, accidentally introduced to Thunder 
Bay, on the Canadian side of Lake Superior in 1956, was establishing 
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menial stocking c£ Oncorkynckus at^s 

this preliminary study biological and economic niches 

are that it would occupy about the sam g freshwater 

as the coho salmon but might adapt more readily to a y 

"ctom and pink salmon have rarely been stocked - 

their native habitats, but in the 1930s ^b rransplan 

biologists traditionally the world s prm^ European 

tations distnbuted these species fro , ,vere unsuccessful, 

waters of the Soviet Union The early i Barents and 

but later transplants of fish from Sa la m s Intchenes on 

White seas, ivere -ompanied by the -struction^o^^^^^ Fry releases at 
the Kola Peninsula, and appear to h milhon m 

these hatcheries have increased from 3 5 mi lo catches, but 

1962 and pink salmon now appear not on y in United Kingdom 

tn the fisheries of Finland, Norway, Icc an a Caspian Sea 

Since 1962, a similar program has been earned out 
^nd u appears that it may also be success u 


SELECTIVE BREEDING 

. has been most lugbly detcl 

Among salmonid fishes, selecme breed g Lauren Donaldson 

oped m the rainbow trout (see Chapter 2 ) p who was clnefi) 

of the University of Washingtons CoIIt^e ot ^ decided to 

responsible for the development of the first step was 

f^egm similar experiments with ^”Coriync* nniss into Union L.a^o, 

to establish spasvning runs in a small stream colio, socke)C, and fall 

on the Washington campus Runs of c lui , • ^ clunook 

ol'inook salmon were successfully de\c op ' ^ selection The sur 

salmon have returned in numbers suffiaent P , ^ ^car-old adults 

't'ors of the 1949 plant of clunook salmon r ,o maintain ll»c 

, , . PtrpS as were I*'-'- t*. 


'wors ot die 1949 plant of clunook salmon ,o mainiam tljC 

‘0 1953 and provided twice as many suawners Evcnunfly 

run Tims it was possible to cull up to 50 /„ 250,000 sclcctctl 

■' became possible to snbilize the ,ockcd m streams where 

•'''Ecrhngs/fcnr Excess ecHS and fmgcrlings 1^,^ josiork 
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port srgnrncatrt Mienes for coho sataon, rarnbow trout 
m the upper Great Lakes would require production of 40 mi lion year 
lings annually, but that natural reproduction could not be re 
provide more than 25% of that total Accordingly, spawn taking sta ions 
Ld hatchery faalities were constructed on all the streams to be stocked 


The pnmary aim of the Michigan Department of Conservation was 
to provide a new sport fishery Only if considerable stock was left ove 
was It intended that coho salmon contribute to the rejuvenation ot me 
upper Great Lakes commeraal fishery The rapid growth (30 g to 1 8 kg 
in 7 months) and good survival of the first plants suggested that there 
might soon be more than enough fish to go around Results in subsequent 
years have done nothing to dim the early optimism, as coho salmon 
base been taken in unexpected numbers and in sires averaging better 
than normal on the Pacific coast Though the specter of mercury pollu 
lion clouds the Great Lakes commeraal fishery picture, it appears that 
there v.iU be no problem in allotting adequate numbers of coho salmon 
to sport fishermen, commeraal fishermen, and hatchenes It is still too 
early to say whether coho salmon will be able to reproduce satisfactonly. 
by natural or artifiaal means, without spending time at sea, but indica 
lions to date are fa\orable, although pestiode residues m spawning 
streams may pose a tlireat 

The original stocking program continues to expand into Michigan 
streams, while the other Great Lakes states and the Canadian province 
of Ontario, encouraged by the apparent success of Michigan s efforts, 
hase proceeded to stock coho salmon in all of the Great Lakes, even 
grossly polluted Lake Enc. with generally positive preliminary results 
Interest has been generated in the coho salmon oserseas as well, and 
hatchery slocking programs ha\e been set up in Chile and Spain 

Michigan has follosscd up the coho salmon program by iniroduang 
Chinook salmon to Lakes Michigan and Superior The initial stocking 
of 850 000 fingerhngs in April, 1967, was made solely to provide a source 
of eggs for future operations, but jt is hoped that in a few years it will 
be possible to open fisheries Since the chinook salmon is larger and more 
exclusnely piscisorous than the coho salmon, it may prove to be even 
more valuable as an alevsife predator Further, its shorter average resi 
dency in streams offers promise of economies in hatchery operation, as 
well as tlie establishment of natural runs m streams unsuited for year 
round habitation by salmon 

There continues to be some interest m introduang Oncorhynchus 
tnasu, or perhaps Oncorhynchus rhodurus, to the Great Lakes, and the 
Ontano Department of Lands and Forests has undertaken one experi 
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at the University of Washington (After Donaldson. 1 y ) 
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Chinook salmon for high temperatures, and probably otue 
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Chinook « 


1 variables, can be increased. t^ess has been made witli 

5. Disease resistance. Again, most of j^as certainly been a 

out, but the vigor of Donaldson’s chinook problems 

factor in the deemphasis of drug therapy as a so 

^n Pacific salmon hatcheries. ^ Since 

Further selection is exercised at the fry Lawning pain 

“tit batch of embryos, representing the °‘^*P”.“ . stage, batches of 

h usually maintained separately to undesirable characlcr- 

and larvae exhibiting poor siirviva or o * , j^^s of fingcrlings 

udes may be rciected. For economic reasons s ^ confined to 

"lust be combined for rearing, so selection a 

•he routine hatchery process of size grading f described is 

One possible result of a selection prt^ain St ^ ^ lute 

hrtlcr survival, and this lias been acliievcd. ^ .pjear cycle at a 

Funtinued to return to the Washington “nip ,cc,c<l S ycar fish. 

Fa>c of about 0.1%. Survival from egg to adu 
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lOr^ 1956 i»242cm 

cOlv 



LENGTH IN CENTIMETERS 


Fic 5 Length distnbuuon of 1955 brood )ear 
Chinook salmon that returned to collecting ponds 
at the University of Washington in four dif 
ferent yean (After Donaldson and Menasiela 
1961) 


thus U has become customary to release or destroy all small males At the 
Spring Creek hatchery m Washington this practice alone has resulted 
in the estabhslunent o£ a run of (all chinook salmon which average 
larger m size than local wild fish and return in three years instead of 
four The shift to a three year cycle o( course increases the chances of 
survival and provides a theoretical 25% increase in the number of fish 
that can be produced 

Donaldson has continued to select males for size and also selects large 
females and those ishich produce large eggs The bulk of the selected 
stock now return after 3 years at sea, and some have returned after only 
2 years, or even 1 year, an event unprecedented in the history of chinook 
salmon culture The 1 and 2 year-old fish average considerably smaller 
than the older fish, but, even in the early years of the project, the length 
of the 3 year-olds did not differ greatly from that of 4 year-olds (Fig 5) 
The average size of returning 3 year-olds has increased over the years, 
albeit with great fluctuations, some of which are now felt to be due to 
mjudiaous choice of marking methods in certain years, particularly the 
removal of the pectoral fins of 1965 brood year fingerhngs (Fig 6) 

2 Fecundity The more eggs per female, the less females are needed to 
maintain a run, and the more that can safely be harvested by the fisheries 
The average number of eggs per female in Donaldson’s experiments in 
creased by 34 5%, from about 3800 in 1960 to about 4900 in 1965 to 1967 
8 Time of return It has been demonstrated that salmomd stocks can 


be selected to spavsn early or late m the season Since optimum conditions 
are unlikely to prevail throughout the spawning period, this has some 
implications for survival It has also been suggested that salmon might 
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history o£ Donaldsons fall chmook selection program spans only 21 
years, as compared to the 38 years he has devoted to the rainbow trout. 
It has already been shown that genetic selection stands to contribute 
greatly to the Pacific salmon fishenes Donaldson and others have also 
studied hybndization, but at the present time it appears to offer less 
promise Of the several hybrids of OncoThynchus spp which have been 
produced, only the aosses of cbmook salmon svith chum or pink salmon, 
as mentioned, have thus far shown promise for fish culture 


SALMON FARMING 

In Donaldsons opinion, demonstration of the possibilities in selective 
breeding of chinook salmon points the way toward true husbandry of 
Oncorhynchus spp Intensive culture of freshwater trout is a sizable 
industry m several countries, but farming of anadromous salmonids has 
been slow to develop, despite the great improvements in hatchery tech 
niqucs 

Extensive but unsuccessful expenmenu m salmon farming were carried 
out in various locations around the perimeter of Puget Sound, Washing 
ton, during the 1950s The plan was to plant hatchery reared chinook 
and colio salmon fingerlings in saltwater lagoons, where it was hoped 
that they would grow to marketable size on natural food, with no sup- 
plementation In fact, however, the food supply m most of the lagoons 
was inadequate, which, along with heavy mortalities due to high tem 
peraiures, oxjgen depletion following die-offs of algae, and disease, 
eliminated any chance of the operators realizing a profit Attempts were 
also made at about the same time to raise salmon in concrete raceways, 
but the high summertime incidence of vibnosis rendered such schemes 
unfeasible A team of microbiologists at Oregon Slate University under 
the direction of John Fryer are currently attempting to develop an oral 
vaccine for vibnosts which would render ihe prognosis for future ex 
penments of this sort more favorable 
To date, intensive commercial culture of Paafic salmon occurs only 
m Japan At Okachi Bay, Miyagi Prefecture. 9 month-old salmon 
(species not known), measuring about 14 cm m length and weighing 
about 75 g, are slocked in large floating net cages anchored about 150 m 
from shore The fingerlings are fed for 9 months on pellets made of fish 
meal and starch with added vitaimm and harvested at a length of about 
35 cm and a weight of 0 5 kg The conversion ratio achieved in this 
operation is 1 

Recent experiments by v^orkeis at the Seattle Biological Laboratory of 
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salmon It is the combination of aggressive consersation of natural runs 
maximum supplementation by means of hatcheries and artifiaal spavm 
ing channels and encouragement of true salmon farming that is likeliest 
to perpetuate Oncorhynchus spp m their role as important contributors 
to human well being 


REFERENCES 

Bams R A 1967 Differences in performance of naturally and artificially propagated 
soclceye salmon migrant fry as measured with swimming and predation tests J 
Fish Res Board Can 24 1117 1153 

Bams R A 1970 Evaluation of a revised hatchery method tested on pink and chum 
salmon fry J Fish Res Board Can 27^) 1429-1452 

Bevan D E 1963 An experiment to improve an Alaskan salmon spawning area Pro 
cecdings of the I3th Alaskan Science Conference 

BoRCESON D P and W H Tody (Eds) 1967 Sutus report on Great Lakes fisheries 
Michigan Department of Conscrvauon Fishencs Management Rep No 2 

Branson E. L. I96a The influence of physical factors on the development and waght 
of sockeye salmon embryos and alevins Imcmational Pacific Salmon Fishcnes 
Commission Project Rep 12 26 pp 

Brett J R, J E. Siielsouilnc and C T Snoop 1969 Growth rate and body compo 
iilion of fingerling sockeye salmon Ontorhynchus naka in relation to tempera 
lure and ration size J Fish Res Board Can 26 2365-2394 

DiRRows R E, and B D Combs 1968 Controlled environments for salmon propaga 
lion Prog Fish Cult 39(3) 123-136 

Croxex R. St and D Rxfs (Eds) 1965 Report of Second Governor’s Conference on 
Pacific Salmon Seattle Wash Jan 7 10 1963 Sute Printing Plant Olympia 
Washington 

CRvrraiFiEU) J A K B Kral and L A Phinvey 1965 An economic evaluation of 
Washington State Department of Fishencs controlled natural reanng program for 
coho salmon (O ktsuteh) State of Washington Department of Fishcnes Research 
Division 27 pp (Mimeographed) 

Davis H S WoS Culture and Diseases of Came Fishes U of California Press Berkeley 
332 pp 

Distr*. N N 1953 Development of autumn chum salmon in the Amur River Trudy 
Soveshchamya po Yoproun Losoevoge Khorgaistva Dal rego \ostoka 9 129-143 
(Traru 1 PST Cat No 763) 

DoNAtKON L. R, 1966 Selective breeding of salmonoid fishes and application of the 
results to management Paper presented ai Ilih Paafic Saence Congress Tokyo 
1966 

Donaldson I- R. 1970 Selective breeding of salmonoid fishes In W J McNeil (Ed) 
Mannc Aquiculture Oregon Sute Univeruty Press Corvall s pp 65-74 

Donaldson L. R. and D ^t£r<ASVErA 1961 Selective breeding of chinook ulmon 
Trans Am Fish Soc. 90(2) 160-161 



22 

Culture of Coregonid Fishes 
in the Soviet Union 


"hitefish and ciscoes {Coregonus ..[-ed to constitute the f 

lodiu leucichthys) were former y con j „,(iae. ' (or 

Wgonidae but me now placed ^ f ™( oold water fishes o 
ts, salmons, chars, and grayhnp ol the coregonid 

1 IS an odshoot of sport fish ‘'’’'^“almons, wh.cli mchule 

retir . (ood fishes 


o£ the 


world’s most popular g- jjer of important . 

wliitefish group does contain a , die United 

though various whitefish were w nineteenth 

1 during the Intcheo -- of ...at 

eth centuries, it is onl> m ttto sncacs of i, 


lniclier> craze u. Intcnci) - 

th cenuiries, it is only m the cies of Corcge-"«;« 

gou.ds on a large ,.ocUng m "'“^.^tussnii core- 

:;'g' m ^mented ^ c:.!- 

include species occupying a .niplo> in the 

o\icl ciiUunsts also increasing > spccics cuUur 

I lists some of ilic clnracicristics 

Union 50s 
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A ^here they do well at temperatures 
now also stocked in Ukrainian ponds, where y 

o!upto25“C , Soviet fish culture, both 

Coregonid fishes seem firmly for low intensity polycuUure 

lor intensive cultivation as a luxury pU as part of an artificial 

in new impoundments, where they are s normally slow matura 

ecosystem. Both types of culture are available to predict 

non of coregonids: at present insulficien Union, will expand 

whether culture of coregonids, m or out of the bovi 
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Hatchery culture o! coregou.dtt ,s not d.snnular to trout ^ 

Chaoter 19) m its methodology The major function of coregomd hatcl 
en« m the Soviet Union is to produce fry for stocking both as a means 

of replenishing slocks depleted b, “''“^*'■‘"8 ^‘*7; '^’^r %<> 

fere lull spawning migralions and for introduction to new wa ers N 
recent data are available, but Table 2 lists numbers of fry stocked lor 
1954 The effects of this program arc not known 

TABLE 2 NUMBER OF FRY OF FIVE SPECIES OF CORECOVID FISHES STOCKED IN 
THE SOVIET UNION IN 1954 


European asco 
Arctic asco 
common whitefish 
peled 
inconnu 
Total 


NUMBER OF FRV STOCKED 
(MILLIONS) 

108 6 
131 0 
127 2 
12 
28 


SOURCE Ovchynnyk (1963) 


Coregonuj muksun and Coregonus nasus are not used for stocking 
natural ssaters, but So\iet hatcherymen have succeeded in hybridizing 
these species t^ith Sfenodtw leuachthys to produce a large fish said to 
show promise for stocking in the lakes rivers, and reservoirs of Siberia 
Another promising coregomd liybnd is Coregonus albula X Coregonus 
lavarelus maraenoides, which matures in the rather short time span of 2 


years and is suitable for culture in ponds 5 ha in area or larger 

Although the peled has been considered for use in monoculture, the 
principal use of coregonids in pond culture is to supplement production 
of rainbow trout (Safmo gairdneri) or common carp (Cyprmus carpio) 
The European cisco, winch feeds on zooplankton, is the speaes most fre 
quentl) stocked, but the peled also a zooplankton feeder, or the benthos- 
feeding broad whitefish or common wliitefisli may be slocked in addition 
to, or in place of, the peled In the vicinity of Leningrad, common vshite 
fish mature in 2 years in ponds, as opposed to the 4 to 5 years required 


in nature 

Most of the Russian coregonids arc native lo northern waters, but the 
European cisco is found as far south as the Volga Basm and is stocked 
in ponds with common carp in the Ukraine Soviet biologists have had 
considerable success m acclimating cold water fishes lo the warm waters 
of the southern Soviet Union and the common whitefisli and peled are 
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CUI.TI)RE OF SMELTS A^D AFU 

Ayu have been spawned in captivity, *„,iturists Artifiaally 

the practice has not yet been adopted y new waters Foi this 

spawned ayu have occasionally been use eines, cast nets, or hoob 

purpose, npe fish, captured by means ° nsing the dry method 

and hne, are stripped and the eggs , ’uesl rertilized eggs, m 
(see p 400 for a description of Uiese q i,emp 

lots of about 20,000, are distributed on 3b jy^ed eggs 

palm bark and placed in floating oxes , withstand shipment 

are quite hardy and, when covered wi ' , flowing watei tanks 

to distant hatcheries, where tliey may e ‘ , perhaps erioncous y, 

and the fry stodied in streams It has been p mats similar to 

that in Taiwan, avu eces have been co ec 


lu uistani iiaiciieiics, , ,.pr,r,rted. pernaps — 

and the fry stodied in streams It has been p mats similar I 

that m Taiwan, ayu eggs have been co ec 
those described above e„„s from adult fish nor 

Practical ayu culturists in Japan , collected from the sea, 

collect them from streams but rathei re y ^ source of stock m 

estuaries, and risers during January to • pJ Shikoku ‘ ^ 

rivers of Tokushima Prefecture, located o ^ed 1500 tons of fry 

Inland Sea, are the source of two thirds o ‘ ° elsewhcic in Japan 

collected annually About halt of these try 

tor growing , nroccss and, since stoc s o 

Crowing^of marketable size ayu is a 5’'°" seasonal su chne 

Iq ate not available year round, it is P ‘ p,,mr fish Fry 50 to O-i m ^ 
5y culturists whose principal product is ,o marketable fish 

long are preferred for stocking and can optimum 


Cimunsts wiiose principal p.— - - n to mar>-ci 

long are preferred for stocking and can 90 days at optimum 

•0 23 OciSi long, weighing about 0 1 kg each, in J 

pctauires of 21 0 to 23 5°C ^ma. raceways, anti, \ > 

arc grown in ponds as small as J -^cliic\cd m raccwa>s, '' 

, r.„i,i. w™, results have been acme been 


ires ol lil 0 to Ti ,r m area, raccw 

■v>u arc grown in ponds as small as J jicliic\cd m raccwa>s, ^ 
«tcly, rice fields, best results have ‘ ^ They have also 

I'cavy teeding is less likely to pollute th mm dc5ifin« 

ere,.' ’’ ... 'riosed rcarcuHting wa ' . but the 


, rice fields, best rcsiius yiiey na.c 

; lecthng IS less likely to pollute system desigurf '.v 

Eroisn cxpcnmcntall) in a closed rearen jcscriptio^)* '■ 

A Sack, eC n^.sersitv (see pp 55. Whatever I 


6‘oisn experimental in a . — ra for dcsaip^*^”/' 

A Sack, of Tokyo University (sec PP S"' "Vcultnrists 

device lias yet to be adopted by L (cd on prcpare<> oo< 

"1 enclosure is used, cultured ayu arc lie. J 

firrvcslcd from April to September ^ , accounts lor a i« 

-nie poor collvLioii by ayu -'f "I'^^Lpal coiunh-”;^, 

the average ayu growers budget) Pfjcvcrilieles', the 

>0 the cMrcniely high price of culturci j,, in 

‘"tieaung rapidly, as arc yields and p 103% I®'® ^ber 

";sey.cld wa^sss'ir, kg/ha. by '55* « '-t^cnou 'figure ^ 
i*lwnesc government ccasctl lo I ^ ,^,-crc prcKl“ nroduc 

*'"*1. bill u ,5 estmuted tint 1*^*® 1 be ^ 

m 1965 and 2420 metric tons m 1 J 
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Culture of Smelts and Ayn 


Tliough the smells (family Osmendae) small, slender fishes found m 
marine and freshuaters throughout much of the northern hemisphere, 
are popular food fishes oier most of their range, they ha\e generally been 
successful in maintaining their numbers in the face of fishery exploita 
lion Thus smelt culture, though practiced on a small scale in Japan and 
the Soviet Union, has not assumed great commeraal importance 
The ayu {Plecoglossus allwelis). sometimes classified in the Osmendae 
and sometimes in its ov^n family, Plecoglossidae, presents a different 
picture This smelilike fish is considered a gourmet delicacy in east Asia 
and IS the basis for a profitable, though fairly pnmitive, form of fish 
culture in Japan 

Ayu are anadromous, but pass most of their one year life cycle m 
freshwater After spending ihcir first few months of life in the sea (or in 
Lake Biwa, where ayu are landlocked), 20 to SO mm fry enter nvers m 
the spring and gradually migrate upstream, feeding on benthic organisms, 
pnnapally algae, as they go By late summer, they have reached lengths 
of up to 25 cm and begin to migrate back to the lower reaches of the 
riser, where spawning occurs m September to November Each female 
deposits 10,000 to 100 000 tiny, extremely adhesive eggs on a gravel bed 
in 30 to 50 mm of swiftly flowing water After spawning, the adults die. 
The eggs hatch in 10 to 24 days at 15 to 23®C, and the newly batched 
fry are earned out to sea. 
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„ miv be delayed very 

supply ayu as late as New Year’s °^^f,“ropenod .s extetide^^^^ 

aS, by bghtmg the culture area so that ,hus treated 

14 to 18 hours from July or early ^ following year ' 

Ime been kept alive until Tebruary 

out experiencing reproductive activi V China, and Taiwan “ 

Ouuide of Japan, ayu are found m Korea, would 

not ailtured in these countries It is p j^^ed ayu, but it seems 

be a demand for such a luxury P™'*"" “ ,,„st elsewhere m Asia at 
,M, ,u ”«'■ ■""" 

olidtis), IS also cultured in Japan ti Wakasagi, wliic sp 

to the ayu but reaches only halt the ,„„ed and used to stock 

Januar/to March, have Wakasagi fry ""“V 

streams in the manner describe o used as ^j^red 

stocked, along with other fishes, m feeders they are 

for rice fields Since wakasagi are plankton 

most suitable for deep ponds of this yP uP hatchery 

Another smelt, Osmerus ‘^efof the Soviet Union 

Jor stocking o£ natural waters in io P spawning run, an | 
lonus, like most smelts, is fished uri j al economy V P 

on the Neva River achieve at least a heor fry 

eggs and milt from their catch for 

stocked back into the river j„„read culture of sme 

The immediate prospects ”\j,j^vidual S* ”\he notable ex 

kke fishes seem remote, since tl .j^j-gatened, and with 
anportant fisheries are not serious y prices 

ception ol the ayu, most species ring 

references 
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Georgia College of Agriculture P® ,n the 

AisroRD D R 1926 Hatching of Japanes PaoRc 
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tion comes from Honshu in the viamty of the aties of Kobe, Kyoto, and 
Nagoya, but Tokushima Prefecture is also an important culture region 
Ayu cultunsts count on heavy feeding to produce rapid growth, so 
that their product hits the market before the hshery product By August 
and September, when the market may be flooded with both cultured and 
wild ayu, the price, sshile still high may be less than one fourth that in 
Apnl The better restaurants constitute the pnncipal market, but at 
such times ayu may also be purchased for home use 

As long as supplies of fry hold out, the prospectus for ayu culture as a 
profitable business looks bright If arlifiaal spawning of ayu becomes 
commeraally feasible, expansion appears even more likely, and prices 
may be reduced The principal stumbling block is the difficulty of pro 
vidmg enough natural food during October to November, when the fry 
are too small to utilize artifiaal feeds and pond v.ater is too cold to mam 
tain abundant benthos 

Biologists at a number of fisheries stations in Japan have sought to 
qircumsent this problem by controlling the photopenod to speed up 
sexual maturation and spaivning so that fry will be on artifiaal feed by 
the time cold weather sets in Success was achieved by shading ponds con 
taming brood stock to shorten the photopenod dunng May, returning to 
a natural regime until mid June then suddenly or gradually shortening 
the daily photopenod by 5 to 6 hours Fish so treated spavmed about 2 
months ahead of schedule, but the quality of eggs was lou, as can be seen 
m Table 1 

TABLE 1 QUALtlY OF ECCS AND LARVAE PRODUCED BY NATURALLY AND ARTI 
FiCiALLY RIPENED AYU {Plecoglossus alttvelis) 


ECCS SHED BY ECCS STRIPPED FBOW 

UCHT TREATED AYU RIVER AYU 


Diameter of egg (mm) 

078-0 98 

083-1 20 

Hatching (%) 

65 17 

74,39 

Size of fry (mm) 

38 ^3 

60 -7 3 

^forlaIIty immediately 



after hatching (%) 

470 

01 


soLTiCE Kuronuma (196Q 


If the process of mdunng early spawning is perfected, it vill not only 
increase the likelihood of artifiaal spawning assuming an important role 
in commeraal culture of ayu but will gne the cultunst a further ad 
vantage oser die fisherman by enabling him to produce fish for market 
before the fishery opens A similar advantage may be attained by means 
of delayed spawning which has already been used by some cultunsts to 
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.0 UseH (CUaplcT 1), anU - - ^ 
discussed along with other fishes un native to Australia or 

fishes olAlri^ (Chapter 12) No J “niber of native cypnnids 

South America North America boasu » ' S nor have 

hut most of them are small and none ar discusse 

any of them been cultured for that to Europe, the Near 

a number of commercially valuable cyP""‘“ Union have been es 
East, and Asiatic Russia Biologists m expenmeo a 

peaally active in culturing these spea ■ bulb of this t^P 

polyculture and for stocking in naturat^ ^ speaes of ‘^VP^^ 

ter will deal with Russian work T cultured 

(other than those discussed in other P Readers intereste 

Soviet Union and their ' „jt the index it tt ’* 

a particular cypnnid species shou eo 
lound here 


I., » o«'!’ ■" *“ 


•ROPAGATION AND STOLKU'/'^ 

1 for the family m 

^ number of Russian Cypnnidae spend most of "’“’f 

more or less anadromous Some of t es P jeaches of ’ j 
n fresh or brackish water and spawn m th^l Caspian. Ar^ 

.Im onen saline waters The a 


less anadromous Some ot u.-jr- -^,,,Ucs ot rive- - 
-rsh or brackish water and spawn m A Caspian. Ar^^ 

feed well offshore in the open jooO km or T’dapted 

Black seas and make spawning migr ualcoides) has becom jbnity 

to salt water that it can reproduce su 

”%» .hreatened. at least locally, 

Ml the anadromous cyprinids are divers A"'”"® 

proliferation of hydroelectric dams o sbemaia, the ro . the 

which are commercially valuable, six bream (/thm”*'® , (,«) — arc 
ruiiius) the cut tooth {Rulihn /rmi) i^arhus ‘^^'b„rating the 
'amba (Fimbe u.mfaa), and the Aral barbel (h ‘ l„ds 

propagated in hatcheries and releas^^>_^^ 

utuation Maintenance and rr"?™ and spomal flo P j ,,,asc 

^re also practiced for roacli numbers , arc 

Ws have been constructed for ^jg 2 ma^^^ 

species stocked in 1954 are listed "i,,nges have been m 

a\ailable, but it can be stated th'it 

' More fish < 

O erv. 


t can be stated that three 

of all species '“fbel have been added to d'-r ' 
The cut tooth and the Aral 
•^cies stocked 
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Culture of Cyprinids Native to 
Europe and Asiatic Russia 


Species cultured Tenth 

Other species 

Propegdlitm end stocking of anadromous 

forms Prospectus 

Pond culture Referentes 


SPECIES CULTURED 

No family of fishes has coninbuied so much to aquaculture as the Cy 
pnnidae 55 speaes of s^hich are treated m this lexL ^Vith the excepuon 
of the common carp (Cypnnus corpio) tshich holds the distinction of 
being the svorlds most wdely cultured fish monoculture of Cj-pnmds 
IS rare More often they are stocked as components in poljculture ssstems 
s\hich reach a zenith of sophistication in the traditional practices of 
Chinese carp culture. A large percenuge of the cultured c^pnnids are 
native to China, southeast Asia, or the Indian subcontinent all of these 
speaes have been treated under Chinese Carp Culture (Chapter 2) and 
Culture of the Indian Carps (Chapter 3) The common carp is accorded 
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spawns on stones in 
streams and rivers dur 
mg June July at 18- 



TAntr 1 CUITURFD cYrRiNiu nsUES (OTHER THAN Cyfintius carpto) NATI\F TO 
TRIlUmoN, CHARACTERISTICS AND ECONOMIC VAEUF — — — 
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TABLE 2 NUMBERS OF LARVAE AND YOUNC OF NATIVE CYPRINID FISHES 

(OTHER THAN CypriTius carpio) stocked in the soviet union in 1954 



LARVAE 

YOUNG FISH 

SPEC1E.S 


(MILLIONS) 

Bream (Abramis brama) 

2229 

762 5 

Roadi (Rutilus rutihis) 

Shemaia (C/inica/faurnui 

2091 

3,358 3 

c/iafcoidei) 

— 

08 

Vimha (Vimba vimba) 

72 

23 


SOURCE Ovchjmnyk (1963) 


3 More ■young fish and less larvae are stocked, as the latter practice 
has been shown to result in poor survival 


POND CULTURE 

Sufficient data are not available to estimate the value of rearing and stock 
mg anadromous cypnnids but there can be Utile doubt of the success 
of the Soviet pond stocking program Among the fishes discussed m this 
cliapter, five, the tench (Tinea tinea), the roach, the ide or orfe (Leucueus 
Iilm), the vimba, and the shemaia, are of some importance in pond 


TENCH 


Some artificially propagated tench (Tinea tinea) are stocked m natural 
waters m the Soviet Union, and artificial ponds are bu.lt tor them to 
spawn m Spam but their primary use in Russia and other European 
countnes is as a supplementary fish in common carp ponds Tench have 

™rrn 1 u 

X “K^'-nally cultured in Aus- 

traiia, India, Indonesia, Israel, Japan and Tunisia 

le ' ‘"'f ” “ carp and 10% 

see o' TOQ, r may also indude ten* 

(see p 229) Carp-tench culture has been cn, .erred by a number of b. 
ologists as being an inadequate means of increasing pond productivity, 
but tench POSSKS several desirable attributes, and operatois persist m 
growing them Among the advantages of tench for culture alone or with 
carp are 


1 In feeding, tench probe more deeply into the mud than carp, and 
SO increase pond productivity fay recycling nutnents 
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2 AUhough the food habits of tench overlap with carp to some extent 

4 « 4 » 

just what are the food habits of te commonly consume 

eat mainly benthic irivertebiates, one third of 

algae and vegetable detritus, and a 

their nourishment from ""““^ted pieces of artificial feed found 

3 Tench may consume partially digesieu p 

m carp feces , 

4 The oxygen consumption does carp 

5 Tendi brings 20 % more in the marlcet t 


Disadvantages of tench are 


, V naturally m fish farm ponds, 

1 Tench are usually able to^ P compete 

and may thus overpopulate them, 

2 Tendi are very obta'!rthe”sie readied by carp, mar 

3 Tench grow slowly and 

bet demand IS chiefly for 120 to ® t,nje concealed in aquatic 

4 Tench prefer to spend muc ^ 

vegetation or buried in mud Many 

is drained, and thus be lost to t le cu 

11 ,.„ntinue to be a small but steady demand 
It IS likely that there will c ensure that a major tench 

for tench in Europe Since the certain cultunsts, particularly 

fishery will not develop, it is > ^ I culture is traditional, will con 
in France and Yugoslavia, w lere 

tinue to supply this demand , 3 „on m still water, dunng May to 

In nature, tench spawn on vcg culttirist may spawn 

June when the temperature rea i in speaal 0 5 to 1 0 ha 

them under essentially the rearing of fingerhng or 

spawning ponds or in pon s a s ^ ^ pairs/lia of 3 to 4 year-old 

one summer old carp In the a young reared along with the carp 

breeders are stocked and the '^‘4 „h,ch time the species are 

until die end of the second su bottom should 


until die end of the second J* used, the bottom should be sofl 

arated If a speaal ^ ^ fur amount of submerged 

but not too muddy, and it to 40 pairs/ha may be stocked 

legetation Under these ^ ,j,e sue and structure of die pej, 

The sexes may be distingms j^j^se a thickened second ray fpj„ j. 

fins which in the male arc larg j „nst mil experience di0i4i,„ ' 

Whichever method is used. leiicli The onlv^! !" 


used the cultu"^' diffi^," 

wmciiever mck.iod is • ^jjg.si„nmer-oW tend) The only 
collecting the sm ill, dram channels clean at all ^ 

adueve success is b> KccpJ B 


in 

- i^'ay to 
^nnes and 
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TABLE 2 NUMBERS Or LARVAE AND VOLNC OF NATIVE CM'RINID riSlIFS 

(other TTiAN Cyprtnus rnrpio) sTockFO in thf soviet union in 1951 



tARVAF 

VOLVO 1 lUI 

SPFClES 


(MIUUOSS) 

Bream {Abramis trama) 

2229 

762 3 

Roadi {Ruttlus ruliius) 

Shemaia (CfiaUalburnus 

2091 

3.S5R 3 

chalcoides) 

_ 

08 

Vimba {Vmbaitmha) 

72 

23 


SOURCE Ovdiynnyk. (1963) 


3 More )oung fisli anti less larvae are stocked, as the latter practice 
has been shown lo result in poor survival 


POND CUITURE 

Suflicieni data arc not available to estimate the value of reanng and stock 
j ing anadromous qpnnids. but ibere can be Imlc doubt of the success 
I of the Soviet pond stocking program Among the fishes discussed in this 
chapter, five, the tench (Tinea imca). the roacli, the idc or orfc {Leuctsetis 
I w), tie vimba, and the shemaia, arc of some imporiance in pond 


^mc anifiaally propagated tenth (T.nca /,»rn) are .toeked .n nalt.ral 

spawn tn Spam, but tlietr primary use m Russia and other European 
“ '' ’"PPlenientary fish m common carp ponds Tench have 

?r.^r,a'n e'.r . n '""o "oh.eved much 

Ta ?°t® O'-'"''' •>"" occastonally cultured rn Aus- 

tralia, India Indonesia, Israel, Japan, and Tunisia 

®'"T' ‘"f “'"'"Oh carp and 10% 

Z ^ A r Po'y""""'' schemes may also tnclude ,en4 

(see p 229) Carp-tench culture has been cm, erred by a number of hi 
olopsts as being an inadequate means ol increasing pond producm.ty, 
but tench po, sms seseral des.rable attributes, and operaton persist tn 
growing them Among the adsramages of tench for culture, alone or wrth 
carp, are 

1 In feeding, tench probe more deeply into the mud than carp, and 
so increase pond productivity by recycling nutnents 
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2 Although the food habits of tench overlap vuth carp “ ^ “ 
they uuhze natural food .terns left untouched by carp (It is not 

™ ,i,c ...d „.h„. d. 7 *^ 1 “ 
eat mainly benthic 'l”^Xo derive only oL third of 

algae and vegetable detritus, and a 

their nourishment from animal matter ) orofinal feed found 

3 Tench may consume partially digested pieces of artificial 

4 The oxygen consumption ""“^^^J'^lmrdoes carp 

5 Tench brings 20% more in the market tiia 

Disadvantages of tench are 

mturallv in fish farm ponds, 

1 Tench are usually able to rep compete 

and may thus overpopulate them, m wh.cli case ii.ey g 

■^vith carp ^i,no- 

2 Tench are very easily injured hy reached by carp, mar 

3 Tench grow slowly and never obtain we size 

hetdemandis chiedy for 120 to SOOg S I concealed in aquatic 

4 Tench prefer to spend mu 1 ^ 

vegetation or buried in mud Many y 
IS drained, and thus be lost to the cuhuri 

Up n small but steady demand 
It IS likely that there will ensure Wat a major tench 

for tench in Europe Since the hab certain culturists, particularly 

fishery will not develop, it « bke y , „ jj traditional, will con 

m F/ance and Yugoslavia, where tench culture 

tinue to supply Wis demand water, during May to 

In nature, tench spawn on vcge a culturist may spawn 

June when the temperature reac es in speaal 0 5 to I 0 ha 

them under essentially the same ai rearing of fingerhng or 

spawning ponds or in ponds ^ * 1 to 2 pairs/ha of 3 to 4 year old 

one summer old carp In the '^oung reared along with the carp 

breeders are stocked and We resu i which time the species are sep 
until the end of the second summe bottom should he soft 

arated If a special spawning P“"“ a fair amount of submerged 

but not too muddy, and it shoiiia pa.rs/ha may be stocked 

vegetation Under these ,,,c sue and structure of the pehic 

The sexes may be distinguished by ^ ,b,ckencd second ray (Fig jj 

fins, which in We male are larger c-permncc dilficultj 

Whichever method is used, „er old icncli The only ivaj 

collecting the small, ^ucretive ones. ,t all times a„d 

achipif* iciirfess IS by keeping 
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Fic I Sn diJiinciJons in the Icnch (Tinrt 

tinea) Sole Uic larEtr pehic fin* with 
ihkkenrd lecoml ny In ihc mile (After 
Sikoltki) IDC)) 


draining the |K>nd at night, keeping the ^^atcr lc%cl constant by tia> 
Drainage should be so slow as to require 3 to 4 nights to complete!) dram 
a 2 ha pond A process for aruficiaJly spanning tench and rearing tlicm 
in incubators has been dcsclopctl in Hungary Viliich tsould eliminate 
this necessity, but it Ins yet to be put into practical application 
Tench are not fed directly but noiinsli themselves on excess carp fcctl 
and naturally occurring food items Grovsth is slow at best (Table 3), 
maximum yields ot tench in carp-tench ponds reach 80 kg/ha, but 20 
kg/ha IS more typical 


TABLE 8 ACE AND GROWTH OF TFJtai 


ACE 

wricirr 

(NUMBER or SUMMERS) 

w 

1 

2-20 

2 

25-150 

3 

15(M50 

4 

500 or more 


Harvesting adult tench is slightly easier than collecting the young, the 
same techniques and precautions must be used 


OTHER SPECIES 

Perhaps the most important cypnmd m Soviet fisheries is the roach 
(Rultlus Tuttlus). catches exceed esen those ol the vild common carp 
While roach are widely distributed m Russian inland uaiers growth m 
freshwater is very slow, and the fishery is based almost entirely on anad 
romous populations Thus it is not surprising to learn that roach culture 
in the Soviet Union is largely confined to hatchery propagation and 
stocking of the anadromous form, though freshwater roach are occa 
sionally stocked in ponds Inclusion of roach m pond polyculture is 
more common in France, •where the roach occupies a position similar to 
that of the tencli Roach may also be stocked as a forage fisli for trout. 
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pike, and others, but more ‘tam "n imem°ve''aq 

Lhere can the species be sa.d to ,„Uure, probably 

The ide (Leuascus idits) has a y^^variety, the orfe, native to 

due more to the esthetic qualities o g fishing, stocking, 

Bavaria, than to its value as a °° entirely confined to the Soviet 
and pond culture ol the ide are It fiUely to remain rel- 

Union, and there it is of rninor^i p^^ particular 

atively unimportant since i 

advantages lor use in aquaculture j culture picture, as benthos 

The vimba and the shemaia enter the p^ y^^_^ Union 

feeder and plankton feeder, respe assess their value in pon 

Sufficient information is not av 
culture 


PROSPECTUS , means 

Theranks of the Cypnnidae, m f J^P^^solTumon ther^= 

tured Culture of many other P “ ^ P h farmers may never P 

in this chapter, is far from perfecmd^ o u«eed 

with another cyprmid as am unusual species, an 

they are sure to experiment with new 

%vith some of them. 
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Culture of Sturgeon 


History of the tlurgeen in the Ameiuan 
Great Lakes 

Early deitruetne prattices 
Deselopmenl of a fishery 
Attempts at ariifleial propegaiioti 

Sturgeon culture m /tuiim 
History 

Speaes propagated 


Aflificiol sfiauining end halehing 
fry tearing 
Stoekifig 
Pond culture 


Prospectus 

nelerences 


Fisti cuUurists and frsUery managers must repeatedly acknowledge that 
one man's gourmet dish is another man's garbage. The failure of the 
common carp (Cy^nnus carpio) in the United Slates and the milkfish 
(C/ianoj chanoi) in Kenya arc only two of the many reminders that re- 
gional and cultural biases arc fully as important as biological and eco- 
nomic efficiency in determining the late of a fishery or fish culture 
enterprise. 

HISTORY or THE STURGEON IN THE AMERICAN 

great lakes 

EARLY DESTRUCTIVE PRACTICES 

Few fishes illustrate the vagaries of human taste better than the sturgeons 
(family Adpenseridae) In Russia and other European countries, sturgeon 


520 



CULTURE OF STURGEON 521 

have been pnzed tor cenmr.es not only tor then flesh but especally to. 
.he.r roe, winch const.tntes w^o en.. 

cellence One m.ght suppose thm regarded the North 

pated to the Umted extraord.nar.ly abundant lake 

Amer.can sturgeons, and J „ , Twites, as a valuable resource 

sturgeon (.lopenser /uluescens) o Araencans (who, 

Notlung could be ot Russ.an ancestry) regarded 

perhaps s.gn.ficantly, included te p sturgeon were accused 

sturgeon as scarcely edible I" c^mre of smaller fishes and 

(justly) of damaging nets intend ^5,^^ Even 

(unjustly) ot being highly predatory on the spawn 

the roe was considered worthless sturgeon during 

If there was such a thing as manage at all it was 

that time, its goal was extermination accorded such 

as fuel or fertilizer Often their jjurned on the beaches Such 

minimal dignity, and p-eat P' “ ' ^ shameful example of needless 
treatment ot any animal wou number of reasons particularly sus 

destruction, but sturgeon are for a numue 

ceptible to depletion by man jangth and over 120 kg 

1 Owing to their great size 5 „ and D/j tons foi the 

m weight tor the lake sturgeon ana g,eat in 

European Huso Jntso), popu gjjies , 

number, compared to those of other Bs. br,,d,„g 

2 Sturgeon grow very “s’^old. females of H huso in 

population before they are tt 

Russia 5 Ural River mature at 18 preferring shallow 

3 Sturgeon are unusual amo g^^_^^y^^^,„an 

tvater where they are, of ,3 particularly severe during spavin 

4 Exposure to human ^ 

ing, which takes place in s la is 1850 the abundance of the 

Thus It IS not ^tirprismg that, decret:sed m 

lake sturgeon was noted to have ^ pollution of the Great 

^ „„roeon now has militate against the lake 

Hamming of thetr ^t. 1 m.ma_t_^^_8 

Lakes and damming -i, hooch »t « 

sturgeon s success ^ ' *.i^ of its original nu 

today IS certainly less than 1% 

DEVFLOPMFNT OF A FISHE cliaiige around 1855. when 

Altitudes toward the lake I-ro<h-> a. .Sat.duvky, Ohio In 

.he firs. American caviar hega 
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1860, smoked lake sturgeon entered the market, and the flesh of sturgeon, 
which had once been unsalable, began to increase in price until today 
It brings the highest price of any freshwater fish m the United States 
and Canada The oil and isinglass (a high-quality gelatin obtained from 
the swim bladder) also became commeraally valuable, and by 1880 the 
lake sturgeon supported an important fishery Bctsscen 1885 and 1890, 
the sturgeon fisheries of Lake Erie and Lake Huron began a rapid decline, 
soon to be followed by all the other major produang areas, until by 1915 
the total catch was scarcely 10% of that taken during the 1880s 

ATTEMPTS AT ARTIFICIAL PROPAGATION 

Once the lake sturgeon had been proven 'valuable, after all, the 
cry went up to save the species At the time, American fish cultunsts, 
their egos inflated by recent breakthroughs in hatcliery spawning of trout 
and other fishes were advocating artifiaal propagation and release of 
young fish as a panacea for declining fisheries The lake sturgeon was 
not spared their ill founded optimism and, for over 40 ^cars, cultunsts, 
first in the United States then in Canada, persisted in experimenting 
with Its artifiaal propagation 

The first sturgeon to attract fish cultunsts in the United States was not 
the lake sturgeon but the Atlantic sturgeon {Aetpenser oxyrhynehus) a 
manne species which enters rivers from Labrador to the Gulf of Mexico In 
1875 Seth Green the pioneer American fish cultunst, hatched a number 
of eggs of this speaes in the Hudson River, using the floating screen 
bottomed boxes he had earlier developed for use with shad {Alosa sapidis 
stTnd) Greens eggs and the sperm to fertihie them, were obtained by 
surgical removal of the gonads Until the development of hormonally 
induced spawning both American and Russian biologists usually found 
It necessary to resort to this tactic, it being virtually impossible to obtain 
eggs from female sturgeon by stripping,” as is done with salmonids, 
pikes, and other fishes (see p 400 for deUils of this technique) 

In 1888, the United States Fish Commission began efforts, which con 
tinued sporadically for the better part of a decade, to propagate the 
Atlantic sturgeon of the Delaware River All attempts failed, due largely 
to the difficulty of simultaneously securing npe fish of both sexes 
Experiments with the lake sturgeon were begun at the United States 
Fish Commission station at Alpena, Midiigan around 1883, and were 
continued for about 30 years by federal and sute agencies and private 
individuals in various locations throughout the Great Lakes basin Con 
siderably greater success was expenenced m obtaining and fertilizing 
the eggs of this speaes and although the inadence of Saprolegma was un 
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usually high, some hatches were obtarned and the fry stocked vanou 
locattons There ts no mdicat.on tlrat any of these stockings contributed 
to the Hshery Two attempts were made to open sturgeon in captivi y 
t, hnth failed At the height of enthusiasm over sturgeon culture, in 
18 8 t e Umfed St tes Tovernm^ seriously considered establishing a 
llmiiei on Erie orlake Ontario, but by 1912 the Fish Commission 

had ceased to experiment ^^je in Canada In 1924, 

Only two attempts at sturgeo hatchery at Gull Harbour on 

C P Paulson, f and hatching lake 

Lake Winnipeg, and subsequently released about 

sturgeon eggs without killing workers in 

8000 fry Paulson s experience wa^sim^^ ^ 

that he was not able to strip s ^ jhe water, 

the ej^s expelled by a npe fe large scale operations 

a method which would scar y Harkness, of the Univer 

More extensive effous were d^^^^ sturgeon 

sity of Toronto, who gssfui attempts he iras able to obtain 

In 1924, after two previous .ourneying to the spawning grounds 

a plentiful supply of ripe of Lake Nipigon Ontario Eggs 

on the remote Gull River a adults were hatched in 5 to 8 days 

obtained and fertilized by sacn b swimming stage, but efforts 

at 24 to 25‘’C The fry were rearea In, clung almost all 

to feed them were unsuccessfu , r_„ed to gnc up the idea of artifi 
had died By 1926 Harkness, too, was 
aal propagation o£ lake sturgeon 


STURGEON 


CULTURE IN RUSSIA 


HISTORY accorded treatment more in 

In Russia sturgeon hare / jdlow s .appellation ' MishcNalinn 

keeping with Henry Wadsworth b^_^^ b.olog.sis hare for some time 

king of fishes „ ,K,p„lauons The decline in stmgeon 

had cau?c for concern oscr stmBCO I P^ S „„ 

catches seems to be direct ) cous.ruction of dam, sonicl.mc 

l,)droelcc.r.c power, and the .ncr, Oscrf.sli.ng is 

with inadequate fisliwa)s , r,i 

probably also a factor „r ,|,c world s slurgeou . is .ml 

Cm lei Union supphes , ,,cd m'" Acuiall), cx 

Since the So lei u to before .he . col,,., on 

surprising that „„c m R««''“'’' 

pcnmcntal sturgeon 
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the first incubation station basing been established m 1913, but it is 
only since the development of honnonally induced spawning that large 
numbers of sturgeon have been hatched and stocked 

SPECIES PROEAGA.'TtD 

Of the 25 or so speaes of sturgeon in the uorld, 13 arc native to the 
Soviet Union, but only five predominantly southern speaes are presently 
cultured These are the beluga {Htuo huso) (not to be confused with the 
whale knowTi as beluga in Canada), the sterlet {Acipenser ruthenus) the 
Russian sturgeon {A guldenstadti), the thorn sturgeon (A nudtvenlrts), 
and the starred sturgeon (A stellatus) The principal fishcnes are located 
in the Black Sea, the Sea of Azov, the Caspian Sea, and the Aral Sea A 
nudiventns is rare in the Black Sea and the Sea of Azov but, in general, 
all five speaes are found in all these waters, since Soviet biologists have 
been most zealous in introduang edible fishes to new waiters 

ARTincIAL SPA^VNINC AND HATCHING 

Techniques used m spawning sturgeons at the ten or so hatchenes, lo- 
cated pnnapally in the Astrakhan region in the Volga Della, do not 
differ appreaably from speaes lo speaes Wild fish with the gonads in 
the final stage of development arc selected as breeding stock Although, 
contrary to expenence in the United Sutes, Russian culiunsts have found 
it possible to npen about one third of adult sturgeon in capttv ity by hold 
mg them in running water under conditions which duplicate nature as 
closely as possible, particularly with respect to temperature and chemical 
content of the water, the vast majority of sturgeon in Russian hatcheries 
are induced to npen with pituitary injections Sturgeon pituitary only 
IS successful and both sexes must be injeaed, either in the dorsal mus- 
culature or the pentoneal cavity Injected fish are held in tanks and 
checked penodically until they are judged to be npe. 

Ripe spawners are killed slit open, and the gonads removed Prior 
to fertilization, eggs are mixed with silt to eliminate their adhesive 
qualities which, while funaional in nature, reduce the effiaency of 
hatchery incubating devices In A guldenstadtt and A stellatus, eggs 
from the middle and rear portions of the ovanes have been found to give 
the best results After mixing with sperm for 4 to 5 mm, the eggs are 
placed in Yuschenko incubators or similar devices with automatic stirren 
for hatching One Yuschenko incubator can handle ahont SWJ.WJO beluga 
eggs, 350 000 eggs of w4 guMcrufud/i, or 550 000 of ^ stellatus Hatching 
time of course vanes with temperature Table 1 shovs-s sample hatching 
rates for the cultured speaes 



CULTURE OF STURGEON 


525 


STURGEONS CULTURED IN THE 

SOVIET UNION 



temperature 

(•C) 

TIME TO HATCHING 
(HOURS) 

A. guWtfrwffldh 

11.9 

23.0 

236 

96 

120 

A. mdiventris 

19.5 

264 

A. ruthenus 

10.0 

H.O 

168 

100 

A. sJcI/atur 

19.8 

89 


18.0 

23.0 

50-61 

192 

H. huso 

12.6-13 8 


FRY REARING 

. c u ^vas the naive 

The greatest mistalte of the early Amencan s inaeascd by 

^sumption that fishery production could ^ even hold 

teleasing fry in great numbers, an assumption i ^ cullurists at 
‘me with respect to natural spawning. “ ,,,,reeon larvae svere 

first repeated this mistalte; in 1954, 176.4 mi lo of rearing 

stoclied in rivers. Current emphasis, however, is , coping witli 

ry to sires at which thev are presumably more capable P 


— - *\.^jcaicu uiib mibiiiKc, ^ melhOaS Ol ic"***o 

locked in rivers. Current emphasis, however, is , coping witli 

ry to sires at which they are presumably more capable 01 P 

he natural environment. . . , -qqq n, 20.000/mO in 

Newly hatched larvae are stocked at densities o jj^gjn.bottomed 

lallow troughs or basins filled with running water, the fry 

»«s floated in ponds. Once the yolk sac b“ rectiroslris. 

ire fed on small Daphnia and another c a oc ’ jn weight 

^fter 10 days of intensive feeding, tlie fry jjock try directly 


11 Daphnia and another o a o ’ ^ jqq jn weight 
intensive feeding, tlie fry ayerag directly 

' ‘uay oe stocked in ponds. Of course it is po* judi fry 

1 ponds without nursing them in frrtstns, u ,n gO to 90% 

lorlings suitable for stocking is only 5 to r°’ g for 5 to 6 days, 
nursed fry. Some culturists compromise anu ^ survival 

the end ol which time they average 30 to 40 g j^ey are kept in 

tc of such fry in ponds is about 60%. from light, which has a 

trseries, fry are nrntected as much as possiDie ^ uellatus is an 


‘I the 


‘c of such fry in ponds is about 60%* from light, which has a 

'^enes. fry are protected as much as m. stellatus is an 

^tisc effect on the development of most spe 
repiion). . , 75. to 100-mm long 

Try are next placed in ponds for Br°y'‘'’'5 ‘ ,1,5 on a mixture of 

agerling slagc, wliicli generally takes 1 to cultured for t us 

'“phnia and ollgodiaete worms, both o ' survival rates, I ' 

tttposc; neilher food alone is adequate, akt 
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number. c( sturgeon have been hatched and stocked 


SPECIES PROPAGATED 


artvait-o 1 

OE the 25 or so speaes oE sturgeon m the world. 13 are ^ 

Soviet Union, but only five predominantly southern speaes P 
cultured These are the beluga (Huso huso) (not to be con 
vthale known as beluga in Canada) the sterlet 
Russtan sturgeon (A guldensladti) the thorn 

and the starred sturgeon (A stellalus) The pnnapal phenes are lo«t^ 
in the Black Sea the Sea o£ Arov, the Caspian Sea, and the „„_i 
nudiuen, ns is rare in the Black Sea and the Sea of Azov b“t. ^ner^ 
all Use species are found in all these waters since Soviet biologists ha 
been most zealous in introduang edible fishes to new waters 


ARTIFICIAL SPAWNING AND HATCHING 

Techniques used in spawning sturgeons at the ten or so ^ 

cated pnncipally m the Astrakhan region in the Volga Delta, do 
differ appreaably from speaes to speaes Wild fish with the gonads 
the final stage o£ development arc selected as breeding stock Althoug 
contrary to experience in the United States, Russian cultunsis have oun 
It possible to npen about one third oE adult sturgeon in captivity by o 
ing them in running uater under conditions \shich duplicate nature as 
closely as possible particularly with respect to temperature and chemica 
content oE the water, the >ast majority oE sturgeon in Russian hatchena 
are induced to npen with pituitary injections Sturgeon pituitary on y 
IS successEul and both sexes must be injected, either in the dorsal mu^ 
culature or the pentoneal easily Injected fish are held in tanks an 
checked penodically until they are judged to be npe 

Ripe spawners arc killed slit open and the gonads removed i”*®’ 
to Eeriihzation, eggs are mixed with silt to eliminate their adhesi't 
qualities which, while funaional in nature, reduce the effiaency o 
hatdiery incubating devices In A guldenstadli and A stellaius, egg' 
Erom the middle and rear portions of the osanes base been found to g*'' 
the best results After mixing with sperm for 4 to 5 mm, the eggs 
placed in Yusdienko incubators, or similar devices with automatic stirrers 
for hatching One Yuschenko incubator can handle about 300 000 
eggs, 350 000 eggs of A guldenstadlt, or 550,000 of A stellatus Hat m 
time oE course saries with temperature Table I shows sample hate u 
rates for the cultured speaes 
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STirer.vnNS rilt.TURED IN THE SOVIET UNION 

SPECIES 

temperature 

(•C) 

TIME TO HATCHING 

(hours) 

A. guldenstadti 

11.9 

23.0 

236 

96 

A. nudtvenlrts 

A. Tuthenus 

19.5 

10.0 

14.0 

120 

264 

168 

A. stellatus 

19.8 

18.0 

100 

89 


23.0 

50-61 

H. huso 

12.6-13.8 

192 


FRY REARING 

The greatest mistake o£ the early American f bl 

assumption that fishery production con e 

releasing fry in great numbers, --“^tsln sturgeon cuUu^ 
true with respect f sturgeon larvae were 

first repeated this mistake; in 1954 ^ ' on methods of rearing 

Stocked in rivers. Current emphasis, h » ,-onhlp of coninc' with 

fry to sizes at which they are presumably more capable of coping 

the natural environment. densities of 5000 to 20,000/m= in 

Newly hatched larvae are stocked ^ .rreen-bottomed 

shallow troughs or basins filled with running w^ . ^ g g f 

boxes floated in ponds. >^VriaSo“eran Moinu rcctirostril 

are fed on small Dapimia an ^ 

After 10 days of intensive “‘Jl- ® dble to stock fry directly 

and may be stocked m survival of such fry to 

into ponds without nursing Utem ■ compared to 80 to 90% 

fingeriings suitable for stocking is on y J yrse fry for 5 to 6 days, 

for nursed fry. Some culturists ““PIX “l^n we^ht. The survival 
at the end of which time they ^eraB® However long diey are kept in 
rate of such fry in ponds is '"^"' sible from light.^wliicli lias a 

nurseries, fry are protected as much “ P ^ dcKntm is an 

negative effect on the development P 

exception). ,^,^,XnfT to the 75- to 100-mm long 

Fry arc next placed ^^3 months on a mixture of 

fingerling stage, whicli generally ta cultured for this 

Daphni. and oligochac.e ” '^"^j'/ctolal survival rates, the 
purpose; neitlier food alone *s adequ 
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contents ot each basin suffice to stock 1 ha of growing pond Overall 
survival is often very good in 1961 one hatchery produced 3 million 
fmgerlings from 8 to 9 million eggs 

STOCKING 

Rather ihan simulate nature by liberating fmgerlings at the liatcliery and 
allowing them to find their way to the estuancs, Russian culturisls trans 
port the young sturgeon to brackish water in speaal live boats It has 
been found that this greatly reduces losses to predators 1 he first stocking 
of this sort was done in 1955, in 1960, 18 million young were released, 
in 1965, 52 million, the goal of the program is to stock 170 million 
sturgeon annually Since the species stocked require 8 to 15 years to reach 
maturity, the returns cannot yet be assessed, but such information as has 
been accumulated suggests that 3% of the slocked fish survive to adult 
hood 

POND CULTURE 

One species, the sterlet, because of its relatively small size (usually no 
more than 80 cm) and tolerance of freshwater, is also grown to marketable 
size m ponds either alone or m combination wiili carp It has been sug 
gested that sterlet also be stocked in combination with pike perch 
{Ltictoperca luctoperca) The sterlet represents a rare opportunity for 
the pond culiurist, no otiier fish which can survive and grow in a fresh 
water pond possesses its combination of large size, high value, and low 
position on the food chain (It feeds mainly on insects) Still more valu 
able to pond cuUurists may be a hybrid sturgeon created by crossing S 
Aetpenser rutheniu X 9 Huso huso, then backcrossing the male hybrids 
with pure line Huso huso females The resulting animal is said to com 
bine the high growth rate ot the beluga and the euryhalimty of the 
sterlet Apart from these animals the large size and anadromous habits 
of sturgeon would seem to insure that the role of sturgeon culture will 
continue to be to bolster fisheries 


PiJOSP£Crf/S 

Although the results of the experiments just desenbed are only beginning 
to come in Russian sturgeon cultunsts are pushing ahead with expansion 
of their operations Current plans call for construction by 1975 of a 
sturgeon hatchery on the Amur River in Sibena. The hatchery, the first 
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commercially important but depleted sturgeon {Acipensei 

Siberian sturgeon {Acipenscr baert) ,p,,udoscaphnhynchus kauf 
schrenckt) and the sltotelnose stut^ ,|,e People s Republic o£ China 
manm) It is reported that officials of the People s ^ ^ ^ 

are also considering the Uluga as " are native to Japan. 

At least three species of sturgeon (‘'™ eonntry in 1964, 

but experimental sturgeon culture, t Soviet Union 

involves sturgeon (species not known) imp^ the rather startling 

Biologists at the Enoslnma Aqua i • ^ special diet and 

result of maturing sturgeon in four y 
increased temperatures It is hoped 

eventual entry of Japan “''^ennOTed sturgeons are found in a 

In addition to the nations i''"* only Rumania 

number of European p^ably m the immediate future, 

and Iran have culture programs Pr y ^^gt^liing tlie progress 

fishery biologists outside the Soviet U i justained and profitable 

of the Russfan and Japanese expenments If 

fisheries of any magnitude t sturgeons in fisheries and fish 

the Russian lead Otherwise, the future rg 
culture does not look bright 
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Ciilture of Miscellaneous 
Anadromous Fishes 
(Shad and Striped Bass) 


Some of the worlds important cultured food fishes, most notably the 
Faafic salmons, are anadromous Logistic difficulties m their culture 
base been osertxime by shoitarcuiting their migratory habits or, more 
frequentl), by confining husbandry to the early stages of life and using 
the ocean as a rearing ground Culture of the Paafic salmons, other 
anadromous salmonids, coregonids smelts, anadromous cypnnids, and 
atuigeons are oascred in Chapters 21, 20. 22, 23, 24, and 25, respectitely 
Culture of many other anadromous fishes has been attempted, particularly 
in North Amenca. During the late nineteenth and earl) twentieth cen 
tunes, fish cultunsts in the United States and Canada expenmented mth 
propagation of virtually every edible nanve anadromous fish and some 
exotic speaes m the belief that artifiaal propagation was the hey to the 
solution of all fishery problems Their expectations prosed to be far too 
optimistic, and most of their programs have long since been discontinued. 
Today only the Atlantic salmon {Salmo salar) the rainbow trout (Salmo 
gairdneri) the fise Paafic salmons (Onrorkynchus spp), and the stnped 
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bass (Moronc sa.atilis) are cultured as auadromous fishes in North 

America. „ St Lawrence to the 

Striped bass, which are native from ^cfnllv introduced on the 

St. John's River, Florida, and have been *«cce*s“V '"trod 

Gull and Pacific coasts of the Unite “ commercial impor- 

waters, are usually thought o£ as spor , ^^t of the United 

tance is increasing, particularly along tie ^^^^^tion is threatened 
States. In a number of localities, succ hatcliery propaga- 

by pollution or obstruction of of compensating for these 

tion has been suggested as a possi Roanohe River in 

problems. Already hatclieries are in p Carolina, while 

North Carolina and the Santee-Cooper Florida. The efficacy 

experimental culture is under way in j,y „„ means es- 

of striped bass culture in maintaining ’I to attract attention 

tablished, but American instituted in the Soviet 

abroad, and in 1968 experimental cultur 

Union. , caoture and hormonal 

Artificial propagation ^"^p“fcmaies during the spring spawning 
injection (see p. 90) of elv variable, and optimum dosages 

season. Success to date has been ^xtrem 

and techniques have not been wor e , during which time 

At 14.5 to 21.0»C, 'Ef ‘;f;j;:Ltom SuspeLion is luo necessary 
they must remain suspended oit . durinc the first 5 to 7 days of 
tor high survival of the virtually universal in striped bass 

life. Jar culture (see pp. 92-93) ^ ^ m/scc is considered adequate, 

hatcheries: a current velocity o a somewhat easier, but sup 

Once the larvae become fry, reari g problematical, 

plying adequate amounts ol si ^„rli earlier turned their at- 

Pioneer Nortli American saptdisstma), valued botli for its 

temion to die American slia t second only to sturgeon roc for die 
Ilesh and for its eggs, whicli are ra ,l,c sl,atl fisliery on the 

preparation of caviar. Tiicrc is benefited from stocking. Attempts 

Atlantic coast, wlicre it is "“'"'^pllier waters were similarly unsuccessful, 
to introduce American slia to Pacific Coast streams, where self- 

witb the notable exception ° California to southeastern Alaska, 
sustaining runs now ‘’‘^“‘^/°„erican shad culture, a program of propa- 
Despite die poor uisha) Ilts been begun at tlic Central In- 

gationot ‘b' Barrackiiore, India. In the first season 
land rishcrics ion wn' generally .adequate, ranging from 

the success of artinctal cxirctnel) variable (2 to C5%). I airvac 

75 to 907„. but batching the 

arc rearcil for die first 7 
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bank then stocked as 4 to 7 mm fish in nursery ponds So far, the first 
spawning has yielded about 600000 35 mm 1 month old fry 
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PtATE 1 Pompano {Traehinolus caroUnui) fry (Courtoy Marine Research Laboratory, 
Florida Department of Natural Resource) 


food, at least not at first It t$ perhaps for this reason that there has been 
almost no interest in pompano culture outside of the United States 
In the United States, pompano are fished commercially from Virginia 
to Texas, but 90 to 95% of the catch is landed in Florida With the ex 
ception of recently initiated projects m California and Louisiana, all 
efforts at pompano culture have been made m Florida 

There are three species of Trachtnolus (Plates 1 and 2) found in Florida 
waters, but pompano play by far the lai^es* role in fisheries and have 
enjoyed a similar dominance in aquacultural practice and planning One 
of the other two speaes, the palometa (Trachtnolus goodei), is of mar 
ginal size for culture, reaching a maximum length of about 33 cm. On 
the other hand, the permit (Trachtnolus falcatus) is a very large fish, 
attaining lengUis of about I m and weights of more than 22 kg There 
has been some speculation that permit might therefore grow more rapidly 
than pompano, but the possibility has not been investigated The max 
imum size of the pompano is not known, since large specimens are often 
confused with permit, but it certainly does not atuin the size of large 
permit 
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Marine Research Laboratory, 

Plate 2 Permit (Trac/iinohu /atcrth«) fO ( 

Florida Department of Natural Resources) 

Apart from size, the tliree species ^"onomic siwpoint. they 

scss tlie same advantages for culuire. stable demand and 

are attractive to fish cuUurists by virtue fishery product. If com- 

die erratic, and usually inadequate supp y cuUurists might be 

mercial pompano culture were to become y expense of harvesting 

able to sell pompano cheaper than fis i ' . pompano arc favored 

wild pompano is very great. Biologica y P ^ whidi the) 

for culture by virtue of their hardiness Y 

adapt to confinement and artificial feeds 

history of experimentai. culture 

, 1 „„„ IK 1057 by government agen- 

Pompano culture, despite the efforts eg cx|>crimcntal 

tics, universities, and private ”"'1’°”“°'!’’ l,urc<l iwmpano been mar- 
stages. In only one instance has a attempts by the 

Veted. and that particular crop represe 7 numbers of researchers, 

same organiratlon ot’cr a six*ycar pen 
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representjng the U S National Manne Fisheries Service, the Florida 
Board o[ Conservation, the National Saence Foundation, the University 
oI Miami's Institute of Manne Sciences, the Battelle Memonal Institute, 
Armour and Company, and the United Fruit Company, are currently 
or have been involved in experimental pompano culture Nevertheless, 
the problems which confronted the first pompano cultunsts in 1957 re 
mam unsolved 


LITE HISTOm, HABITS, AHD HABITAT 

Some of the difficulties encountered in experimental culture of pompano 
may be due to the meager knowledge of the environmental requirements 
of T caroImiM Tolerances, insofar as they are known, have been largely 
deicrrnined experimentally, with captive animals The following con 
elusions have been reached with regard to various environmental param 
cters 

Sflfinity Pompano of all ages are normally found in waters of high 
salinity, juveniles in Tampa Bay, Florida, have been found to prefer 
water with a salinity of 325^6 Nevertheless, they are highly tolerant of 
gradual sahnii) changes and can be adapted to water that is fresh or 
nearly so 

Temperature Pompano suffer thermal shock, from which they may 
recover, at about 12®C, the lower critical temperature is about lO^C The 
upjicr tolerance limit for adults is thought to be about 38 5®C, but very 
small juveniles have been found in tide pools with temperature exceeding 
ID^C Most culture experiments have been conducted at 21 to 25'’C, but 
biologists of the University of Miami s Institute of Marine Sciences 
reported rapid ^owth and low mortality of young at S4°C 

Dissolved oxygen Stress occurs at concentrations below 3 ppm, and 
2 5 ppm is Ictlial Ponds used in pompano culture should always contain 
at least 4 ppm of dissolved oxygen 

pH Pompano are able to withstand any extreme of pH likely to be 
encountered in a saltwater pond 

Turbidity Like pH, turbidity is not usually cntical Pompano will 
survive in water so turbid that visibility is virtually zero 

It should be unnecessary to point out the difference between critical 
limits and optimum values for environmental parameters, but it may be 
that part of the reason for the poor success in pompano culture to date 
js overemphasis on the hardiness of the speaes and neglect of possible 
syncrgisiic effects 
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The life histor> o£ pompano .s 

ha\e ne\cr been obser\ed, but trom to September 

the species lias an extended spawning p more soutlierly 

m the southeast United States and perhaps mnjrates northward 

waters At least part of the ,t ,s not known whether 

m the spring and returns south in speculated that spawning 

this IS directly connected with reprod „est uiveniles have been 

occurs well offshore, as this is "*'” u.arhes from April to mid 

captured Jmeniles are found on F on a^ 

November Maturity is ^^est guess hararded by biologists 

longevity o£ pompano is unknown, b 

IS 3 to 4 years , general svay Young 

The food habits of pompano are “ J. Jtebrates and larval 

have been observed to cat benthic an p frequently and 

fishes Adults have similar food habits but take fish more q 
are thought to rely less on benthic organisms 


ATTEMPTS AT ARTIPICIAL PROPAGATION 

Certainly lack of knowledge of the “‘^^^no^or^forUmt matter! 

factor in the inability of culturists to spaw p Attempts at hor 

any of those fishes with P®'*f|b2n unsuccessful until 1969, when 

monal induction of spawning h^ all p_„mercial Fisheries Labora 
biologists at the United States Bureau obtaining and fertilizing 

tory at St Petersburg, Florida. ^o^'ro" u!iknown reason^^ 

eggs by the use of human chorionic g ,,o„ever. are confident that 

none of these eggs hatched Most wor > joined, but they 

the problems of spawning P°'"P^ encoiimered in rearing the 

predict that more serious difficulues v 
larvae to the fry stage 

CAPTURE or WILD STOCK 

For the present, would be pompano p,™“da bewhes trom mid 

As mentioned, pompano fry are foun ^ remain above 21 “C 

April lo November, or as long as siirfa P found only in 

Even though optimal conditions ^™P pio„cla Keys, the largest and 
exlremc southern Florida, particularly D.aytona 

purest stocks of juveniles arc found on „n,ration of pompano 

north into Georpa Tins led to an initial concentrauo p 
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culture in northeast Florida, but sinre good methods of transporting 
live young pompano are available, this need no longer be the case. 

Beaches with a gradual slope produce die best catches of fry Partic 
nlarly good locations are long, shallow miniature sounds bounded by 
small sand bars parallel to the surf line Haul seining in such areas at low 
tide with nets 5 to 8 m long and 1 to 2 m deep has produced up to 10,000 
juveniles m a single haul and total yields of up to 80,000 

The size of ju\eniles taken vanes Those taken in Apnl are 15 to 30 
mm long, by July to August fish of the same age are 75 to 130 mm long 
Hov.e\er, later inRuxes of younger juvendes virtually ensure that a large 
range of sizes will be included in most catches These should be sorted 
before stocking for, although pompano are not cannibalistic, the smaller 
fish are likely to fare poorly m competition for food 
Another sorting problem imolves separating the species of Trachtno 
tiu This IS particularly important m southern Flonda, where permit 
and palometa outnumber pompano Table 1 lists the charactenstics used 
m distinguishing among the three speaes 


EXPERIMENTAL CULTURE TECHNIQ^UES 

RESULTS 

Stocking and feeding techniques and other jjompano culture practices 
have barely begun to be worked out Researchers have done little to 
hasten standardization of methods, most experiments have thus far been 
earned out m anything but a systematic manner Despite the limited 
knowledge of suitable culture techniques, cultured pompano have re 
peatedly been found to grow faster than wild fish in similar environments 
Several types of enclosure have been employed m expenniental pom 
pano culture, including concrete or v\ooden tanks, raceways floating net 
cages, and estuanne impoundments but most of the investigations to 
date have been earned out ml to 2 m-deep earthen ponds supplied with 
tidal water In one of the roost successful experiments, at Manneland, 
Flonda. juveniles weighing 04 lo 94 g each were stocked m fertilized 
ponds at 1324 to 4942/ha and fed as much ground whole trash fish as 
they would consume daily Average mortality was 18 7%, food was con 
verted at 6 1 1, and 270 to 458 kg/ha of pompano were produced m 65 
to 133 days of growth The greatest production occurred in the most 
heavily stocked ponds indicating that the siodung densities used did not 
approach the maximum On the other hand, none of the fish, in either 
the lightly or heavily stocked ponds reached the preferred commercial 
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TABLE 1. DISTINGUISHING CHARACTERISTICS OF FRY OF THE 

OF Trachinottis taken in Florida and Georgia 

BODY DEPTH 


THREE SPECIES 


(ORIGIN OF 
SEVENTH 
DORSAL TO 
FIRST ANAL 

spine) in 


SPECIES 

DORSAL 

SOFT RAYS 

ANAL 

SOFT RAYS 

STANDARD 

LENGTH 

Pompano 

(TTflchmolt/j 

caroUmts) 

24-25 

21-22 

2^ or more 
times 

Permit 

(Trachmolur 

faicatus) 

17-21 

16-19 

2^ or less 
times 

Palometa 

{Trachinotus 

goodei) 

17-21 

16-19 

2% or more 
times 


COLOR OF 
anal riN 

LOBE 

Yellow or 

lemon yellow; 
tip of lobe 

cinnamon in 
some indi- 
viduals 
Bright orange 
or red; almost 
black in some 
dark-bodied 
individuals 
Clear with 
black on the 
anterior edge 
of the lobe 


. , . Individual harvested weighed 268 g. All 

size ot about 340 g: the largest . terminated due to mass 

the experiments were, however, pre 

mortalities. , ^ mortalities are better 

It is probable that, once the ca ,,i,ninues are improved, pom- 

understood and controlled, and f^***"? , j at densities greater 

pano can be grown to marketable size wi found advan- 

than those used in most experiments to sometimes 

tageous to raise them in a series o po southeast Asia (see 

employed in culture of milkfish nursery ponds, in which 

Chapter 17). Juveniles could ailtured. for the first few 

suitable food organisms had previo y mowing ponds, in 

weeks ot life then successively ° “1 "^nirolTed. 

each of which the “ ,Av of feeding captive pompano 

More effort has been devoted to the s udy o conclusive. 

than to stocking densities (Plate 3), ^ extended 

Early culturists used mostly ground 
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Plate 3 Ju>enilc pompano feeding on a fuh caVe m a rearing pen (Courtesy Siology 
Labomot) Natural Marine Fuhery Sertice St Petenburg FJa) 


periods oI very windy weather which commonly occur m Florida, supplies 
o{ fish become scarce, so attention was soon focused on prepared foods 
Commeraal fish meal was usually found to produce poor results, but 
fioatmg trout feeds are readily accepted by pompano and base produced 
the best growth of any feeds used so far Other foods whidi hate been 
tested include shrimp, shrimp meal, crab wastes, and tankage Frozen 
adult brine shrimp {Arlemta) arc considered valuable in the diet of very 
young fish 

PROBLEMS 

Whatever food is used, cultured pompano are still subject to such ap- 
parently diet related problems as fatty or discolored livers, enlarged 
kidneys and gall bladders, swollen abdomens, fluid in the body cavity, 
exophthalmus, and hemorrhages of the skin and muscles It is to be 
hoped that such problems will become less frequent when speaal diets. 
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based on the speafie nutnt.onal p^Hr^oTn'^oS^^^ a 

Unfortunately, the nutnUonal ??.afdiet would include about 

very general way It is thought '* ^nd less than 10%, 

30%, animal protein, 18%, cat^ohy - weight in 

fat Young pompano will consume up /o ,j,„di commer 

ground fish daily, f^he weight of pompano daily Several 

cial trout feed by feeding 10% of the weign 

small feedings are preferred to one larg from many of 

Thus far, pompano culturists have Disease, m particular, 

the problems which afflict growers ° ° Hich mortalities due to spo 
has had small effect on cultured occasionally been reported, 

rozoans and monogenetic tremat^ra pompano have caused little 

but most of the parasites common Y mean that pompano are highly 

or no difficulty This does not ^ ,ha,, after a few more years 

resistant to diseases and parasites '._,,ootics will appear 

of culture at high population J „„ depletion have occa 

Mass mortalities due to cold result of pollution by uneaten 

sionally occurred, the latter usua y j adoption of pellets 

feed, particularly Hsh meal W-s- “e ^ of oxygen deple 

rather tlian powdered feeds shou 

tion pompano culture, apart from 

Perhaps the most serious problem y feeding regimes, 

lack of knowledge of optimum ® .^jd preventive method, but 

IS predation Screening is current y larval form, and in ponds 

It does not stop the entry of ~ay significantly restrict the 

where water enters through pipes, s own in tidewater enclosures, 

flow of water It pompano continue o B periodic draining will 

some combination of screening poisoning, 
probably be adopted 


PROSPECTUS 

A n. laree quantities of pompano on a 
If culturists succeed in producing la g 5 ,„ee, as mentioned, 

regular basis, marketing should e fishery catches seldom satisfy 

pompano command a high, stable P" . market tor fresh pompano, 

the demand In addition to the es and frozen food trades 

new markets could be developed in i prospectus for pompano 

The market situation sements m basic techniques 

culture IS uncertain A number o P sustained In addition 

must be made before commeroal cul methods it is imperTlive 

to further development of stocking a 
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that practical cuUurists be able to spawn pompano m captivity A few 
small operators might be able to profitably rear ocean-caught juveniles 
for market, yet the undependable supply of such stock precludes large 
scale culture of pompano on such a basis Furtlier, to depend on wild 
juveniles might result in the depletion of natural pompano populations 
Controlled spawning of pompano uould aid cultunsts in avoiding 
temperature problems, wludi have plagued pompano growers in north 
east Florida fay eliminating their dependence on natural populations 
Culture operations could then be shifted witli no loss m effiacncy to ex 
treme southern Florida or to locations where it would be possible to 
lake advantage of power plant discharges and other sources of thermal 
effluent 

There are several other speaes of Trachtnoltu found on the Atlantic 
and Paafic coasts of North and South America that might eventually be 
cultured, but T carolinus is the only one currently jvopular among cul 
turists and has in fact, been transplanted to the Pacific Coast of the 
United States for purposes of experimental culture PolycuUure of pom 
pane with otlier fishes and inveriebraies has been suggested In an experi 
ment conducted by the United States Bureau of Commeraal Fishenes 
m Tampa Bay, Flonda, stnped mullet {Mugtl cephalus), spotted seatrout 
(Cynoseton nebulosus), blue aab {CalUncctes saptdiu), and American 
oyster {Crassoslrea vtrgtmca) grew to commeraal sire in ponds slocked 
with pompano 

Still otiter possibilities for the future of pompano culture could be 
described but, given the state of the art, they are no more than specula 
lion A great deal of work remains to be done, m some vital areas, for 
example, larval culture the surface has yet to be scratched Thus it 
seems that if there is ever to be large-scale commeraal culture of pom 
pano, It IS still well in the future 
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Culture of Miscellaneous Brackish 
Water and Inshore 
Marine Fishes 


Cii{(ure of inshore marine fishes 
Japan 
Puffers 
Ped porgy 
Black porgy 

Culture of cod in Noway 


Brackish water pond culture 
Jn the Mediterranean region 
jn southeast Asia 
In the United States 


Prospectus 

Beferences 


nre tiTOwn in confinement, 
Wlicrca, a great dirersily of fisto is Inrgrly restricted 

practical culture of marine clwnos) and sarious mill- 

to southeast Asia, where the ,vatcr ixmds for centuries, 

lets (Aftigif spp) have been ratsed in • .,„j „,„llci culture, 

(See Chapter 17 and IG for ‘'“"*1’“ .dlowtail (Scriota qumqut- 

resiKctiiel).) In recent years, the Jap cultured 

miliafa) has been added to the Iwi ® v-cllossiail ctdturc.) 

on a large scale. (See Chapter 29 for a desenpuon of >-elIo 
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Culture oC ^ellowiail is a startling achievement, since in nature they arc 
extremely active, wide ranging, pelagic fish, w Iiicli one would not expect 
to respond favorably to confinement Their successful culture has stimu 
laied speculation and experimentation wiili culture of other pelagic 
fishes (see Chapter 30) but the majority of efforts in marine fish farming 
continue to involve inshore and estuarine speaes winch can be adaptetl 
to brackisli water Large scale studies have been carried out with pompano 
(Trachtnoltis (arohnus) in the United States, and with various flatfishes 
in the United Kingdom, this work is described separately in Chapters 27 
and 31, respectively Here we wish to deal with the other speaes of 
brackish water and inshore manne fishes which have been cultured 


CULTURE or INSHORE MARINE FISHES IN JAPAN 

In addition to yellowiail, the Japanese have succeeded in commeraally 
culturing puffers (Fugu rubrip« and Fugu vermicularti), red porgy {Chrys 
ophrys major) black porgy (Afyho macrocephalus). and a few other fishes 
Of these fishes, which annually account for up to 25% of Japan s produc 
lion of cultured marine fish, the most important are the puffers 

PUFFERS 

Unbke yellowtail, puffer is anything but a staple food and brings a very 
high price from gourmets m Japan Korea, and China Puffers are seldom 
eaten in other countnes largely because of the presence in some of the 
(issues, particularly ovary, hver, imesimes, and skin, of a neurotoxin 
about 13 times stronger than potassium cyanide This substance, known 
as tetrodotoxin, cannot be broken down by cooking However, its presence 
in muscle tissue is rare and. when properly prepared, puffers are re 
portedly completely safe to eat 

Originally, puffer farmers utilized 3 to 4 year-old wild fish as a source 
of stock, and this practice is siill earned on to some extent, but, since 
the first success in artificial propagation of puffers in 1960, most culiunsts 
have surted to rely on ariifiaally produced stock Brood fish, usually 
rugu rubripes, are selected from the commeraal fishery catch during the 
2 to 5 week spawning period in May or June As a rule only about 2% 
of the fish taken are npe enough for use as breeders but each female 
produces 300,000 to 500,000 eggs, and the rate of hatching is quite high 
Eggs and milt are obtained by hand stnppmg, and arufiaal fertilization, 
usually by the wet method (see p 400 for details) is done on board the 
fishing boat. 
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Once the egg membranes jo^oo^ggs/uter Gaseous oxygen 

sea water in polyethylene ba^, nf transportation is to be longer 

IS routinely provided, and if the tim 20°C an antibiotic 

than 48 hours and/or the the eggs are tahen to Yama 

such as streptomycin may be a e "seedling size at a propaga 

guchi Perfe^re to be hatched 

tion center maintained by the preteixural go-nmen^^ ^ 

Puller eggs are hatched in s la supplied, the eggs are spread 

In the first two, running water or aera gjJ^^tdtmg can be expected 
out in a single layer at 1 to 3 /cm-, an details of this 

mthm 10 days at 15 to 19°C Jar ’’at*' S < , /hatches of 90% or greater 
technique) is much more and the water changed daily 

when eggs are stocked at 5000 to , / ,fon„ly phototaxic, are kept 

Newfy hatched puffer ®-ae which je^-ng^^ 

in standing altered sea water f ^ ^ hy the end of 

change the "water daily at first, an P fj-oyn 50 liters to 5000 liters as 

the week Almost any size tank may e ” , ' —ng ihe water and maintain 
long as there are adequate EaciUtiw or absorption of the yolk sac 

ing'the temperature at 17 '<> JAluh/^^tmef is supplied At this 
and the beginning of active feedi g. , reeime of feeding and popu 
point, It is necessary to initiate '‘“™r/of die postlarvae are to survive 
lation density control if as many a /o Table 1 outlines feeding and 
to seedling size (25 mm and 3 S o'' ^ seedling stage 

stocking practices for puffers from hatcliing p^^hcs 

Among the foods naiiplius stage To assure a 

barnacles must be no older than must be cultured Sets of 

steady supply of this age group, barnac 

barnacles are easily obtained by susp fall The sticks, with birnades 
near the surface during summer an ) nauphi arc needed Ex 

attached, are then kept m tanks containing larMC, 

posurc to air, followed by plaang t ic ^ 20 mm If this is done 

usually results m discharge of nauplu w» density of about 100 first 

3 to 4 times dail> during the daylight hou« ^n^dens > 

nauphi/hier can be mamiaincd in t ic become a problem. 

After about the twentieth day, _ taking minced fish flesh 

^t it IS grcall> reduced once the >oung i from h'C effect 

^cn however, it is difficult to wcaii t ic ^ popiilatioti densil) after 

'nmhahsm is also lessened folir small feedings ratlicr 

ihc v-cnticth di^ and bj providing I >r 

than 4,^ hrge one dail> _ , stock them m fionds 

Pullc^^owcrs purchase seedlings in T > In cither case the 

or fioiiU ancliorcd m at least j m 
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..Cved cvsen co„.^e wa„^e -e 4 pp. - 

::: 

ponds should be about 0.05 kg/m= but may be considerably g 

net cages, say 0.08 to 0.5 kg/m^. anchovies sand eels, etc.). 

Puffers are fed on trash fish (horse mackerel, 

Fish which are not fresh, or which are ^ces^^^^ //minced, but after 

or nutritional the food fish are chopped. The 

the puffers reach lengths ot 100 m . . tl^e frequency is 

quantity of feeding 

regulated seasonally, as shown in T ► 
water temperature falls below H C. 

TABt. 2. raH.un.cv or rrnnmc. at nirrnanMT times oe veak, eoe cue- 

niRED PUfFERS IN JAPAN no OF FEEDINGS DAIW 


MONTHS 

July-August 

Scptember-November 

December 

January-Mardi 

April-June 


4 

5 
2 
1 

1-2 


. ■ aUnnt 0 8 kg is reached in I 1/2 
The minimum marketable weight o ^ years, at 

years alter stocking, ' "“"’Ll;* ‘ “//ival from stocking to market- 

wliich time they may weigh 2 kg. in conversion is about 

ing averages 50 to 70%, and the overa • weight during the 

4:1. Though puller may cease 'o P”'' " ,1m svinter, whicli is the 

winter, cultured puffers are marketed E , 

•offseason for puffer fishermen, tiuis . i.^car-old fishery caught 

during the spring, some cultunsts a so o . manner just 

puti-rs. weighing about 0.2 kg each, an ,,c 

dcscrijcd, until they attain markctabl * feed tlicm for a 

markcbd b> growers who stock 1.5- to 

few mm^hs. ^ suffer from ^ ibrio- 

Apart lom nutritional diseases, cultur p Parasites reported in- 

sis, ichthypinhiriasis. and various lungus dis ,,m gpis, and 

dude die lliworm Diclidaphora lelrodoms, Jn<ulus sculiforma and 

may omse ssjons problems, and the mmc ol these 

Prc.idomhglty.,g„.Thereader ...terat« 1. rnhr, 

diseases and p-asiics is refetred to 
by H. S. Da\is. 
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As of 1965, 40 operaiors v.cTt engaged in puffer farming m Japan 
From 35 4 ha of water they produced 91 metric tons of fisfi, for an average 
yield of about 230 hg/ha 

RED PORCV 

Like the puffer, the red porgy bnngs high prices m Japan, not so much 
due to Its gastronomic or nutritional value but because of the ancient 
assoaaiion of the red porgy with good fortune It is thus traditionally 
served at birthday celebrations, weddings, and other such occasions 
Red porgy farming was first attempted in 1887, and attempts at artiB 
cial propagation have been made sporadically since 1902 Hoivcver, the 
first success in artifiaal propagation was not achieved until 1962, and 
jl is only within the last few years that small-scale farming of the red 
porgy has become a commercially feasible proposition 
As IS the case with puffer farming, culture of the red porgy is dependent 
on wild brood stock Males are easily distinguished from females, partial 
larly during the spawning season (late April to early June), by the more 
angular shape of the head and their darker coloration It is possible to 
obtain viable genital products from red porgies kept m captivity, but 
eggs of sucli fish exhibit substantially lower hatching rates, so artifiaal 
fertilization, usually by the dry method (see p 400} is done on board the 
fishing boat. 

As soon as possible after fertilization, the zygotes are washed with 
clean sea water, to remove all extraneous matter Great care must be 
excrased in transporiing the fertilized eggs, which are very sensitive 
to temperature changes, bnght light, and physical shock. 

As noted, culture of the red porgy is a recent development, so faalitics 
and procedures are not standardized The following is a general descrip- 
tion of one set of techniques which has been successfully employea 
Certainly they will be inyiroved as ndJunsis beccune more txpenes^^ 
and as biologists gather more information on the ecology and phys^fogy 
of the red porgy 

Hatching is earned out in a tank 2mXImXlm deep, suppled with 
running or rearculaied sea water and housed in a small buildi'g roofed 
with translucent plastic plates The tanks are illuminated but^he inten 
sity of light IS not allowed to exceed 3000 lux 

Red porgy eggs are pelagic and must float for proper cvelopment, 
thus the most critical fartor in hatching is the speafic cavity of the 
water, which must not be alfowed to fall below that of (I 0245 

at IS'^C) This corresponds to the rather high salinity ^ about 55^/(c 
^Vhe^e such water is not readily available, it is recomrae^ed that suitable 
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sea water be collected and stored, since cliemical control of speciBc gravity 

is not always satisfactory. e v 1 m X 1-m tanks, similar 

Larvae are reared to "seedling” sire m 5-m X l-mX 1 m 
to those used for hatching, but supp i preferred to running 

to prevent loss of fish. A recirculating sy easily excluded 

water, since such predators as large copepods may be more eas y 

from a closed system. . p uatchine. Feeding 

The larvae absorb their yolk jlie larvae swimming 

occurs at this stage, but it is an i evidence that they are able 

about with their mouths open. TI .^ens. Therefore, starting on 

to perceive or deliberately attack fo g supplying copious 

Jthird day after hatching, ar'L'^ best 

amounts of tiny food animals. Naupii .uie to provide adequate 

suited for this purpose, but it is not » ‘X and gaXa 
quantities. Acceptable substitutes in u j ^ be 

stages of sea urchins, oyster larvae, and rotifers, 
cultured, ,f,er hatching. Larvae 

Active feeding begins on 'b® °r m ^ ’'^hicli must usually be 
5 to 10 days old do best on a diet of cop P 

captured from the sea. After the ^ rates'^and survival of larvae 

enough to take brine shrimp naupln. .„r>arentlv ivith the quality 

fed on brine shrimp nauplii vary ^*^„all sample of larvae be 

o{ brine shrimp, and it is recommend oopulation is switclicd 

fed on brine shrimp for a few days before an entire popul 

off copepods. , , . „ -ichich time the larvae 

On about the twentieth day after b®'*' ^’ ^ ,,,biL For the first few 
are about 10 mm long, they assume a ben n powdered, 

days of benthic life small polychactes ( , t .^ater are suitable footls. 

freeze dried shrimp meat kneadrf seedling size (2 to 3 

For the rest of the culture period, until m y gily, fatty 

cm), the young porgies are fed minced me 

fish are to be avoided at all times. lai^’al culture is organic 

The most important environmenta ac and/or overfeeding. In 

pollution, wliich may be caused by ea ‘ periodic siphoning, 

addition to such routine fish hatchery pro tanks as biological 

small crabs or other shellfish may be stocketi in 

iwllution controls. . . 1,^,1 the optimum IcncI 

Fight is as important to lar\'ac as it « nnmrcnth, "’iih intliNidual 

varies i\iih the sire and age of the fish ‘ ^ conirol is simplified by 

factors sshicb arc not understood. varying from d.irl-nc>'( 

hghiing dilTcrcnl sections of the tank at m preference, 

to 3000 lux and letting ibc lars-ac express thc,r I 
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Some seedlings arc relciscd along iltc foasi of ilic Inhnd Sea in the 
hoj>c of augmenting the fislier>. bui most arc sold to fisli (armen for 
further ailturc to marketable sue Farming of rctl iKirgy is usually ilonc 
in floating net cages Seedlings fed on fresh fish flesh and/or commer 
aal fish food in pelleted form readi saleable sire in 12 to IB months No 
serious diseases or other cuiscs of mortalitj base thus far been rc|xjrtc<l 

BLACK rORCY 

The black porgy is a less prestigious fish than either the puffer or the 
red porgy but is nonetheless t fine food fish Since it is somCKliat hardier 
than the other saltwater fishes farmed in Japan and can 1)C spawncil m 
captisity It may cscntuallj assume greater imjxirtancc in aqinailturc. 

Breeders arc captured by angling and accJimaiircil in rcorailanng 
tanks The spas\ning season is Mardi to Ma^ m southern japan and 
April to June in the central pin of the country, and naturally ocairring 
water tcmjicraiurcs at those times arc acceptable (or artificial propaga 
non Care must be taken howeser, that the salinity remains l>cts\ccn 2'» 
and Males mature naturally tinder these conditions but females 
require treatment with the hormone preparation synahonn 

Ordinarily, eggs may be stripped am! feruhred using titlicr tJic svct 
or dry method 40 to 50 hours after injection Black jxirgy eggs slioss 
a marked reduction in fertility if after stripping they are left for long 
without coming into contact sviih sperms TJius fertibration should be 
done as soon as possible, and certainly not later than 20 miti after sinj>* 
ping 

Hatching and rearing of the larvae arc earned out in the same tank 
Tanks used for this purpose arc divided into lour chambers scpariied 
from each other by gates and equipped so tliat nmning water can lie 
supplied Tbc pelagic eggs arc stocked m still water in the lowermost 
chamber of the tank in quantities such that at expected hatching rates 
a population density of 3000 to 10 000 larvae/m* will result when all 
chambers are occupied The tanks arc housed m sheds witli tnnspircni 
roofs which may be shaded or screened when necessary The water lem 
perature should not be allowed to exceed 20®C duniig the haiclung pc 
nod and the salinity should be maintained at at least 25j^e 

Under such conditions batching usually occurs m about 40 hours 
Occasionally a lot of eggs exhibits a low hatching rate and pollution 
resulting from the decay of dead eggs may be detrimental to larvae or b\c 
eggs Therefore samples of each lot of eggs are periodically inspected 
for viability If it appears that the hatching rate will be less tlian 50% 
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iht U.I .jg. m removed m «»n m ihey .«»■ He ' eyed ’ .i.ge end 
me ...dim, O. 

r„r;"s,“tsS“ 

ha.ch.ng clamber becomes too d.rty acl to 

the gate mto the next chamber « ^ pfocess ts re 

clean water and providing more room for the larva p 

peated twice more, or nntil the full tank is being utih ed 

(10 to 18 days after hatching) the larvae ^^ter 

water can be introduced withont danger o 

IS turned ofE at night, when the larvae arc les 

twenty Hfth day it is left on around the clock hatdiintr. but 

Desirable temperature and salinity are t le 5 to 7 days after 

Illumination requires special S' for^eldmg The intensity 

hatching, when the larvae need a bngh g surface This is 

of l,ght\t tins time should be 5000 to ^000 ux at the^surfa« Tln^^^ 

gradually reduced to 1000 lux by the entering from the side 

Lights should be focused from overhea . g ^ minimum 

or bottom of the tank hinders feeding After the 

water depth of 0 7 m is maintained hetnre the third 

Though the yolk sac is seldom “j"? d , 1 ms black porgy 

day of life, active feeding may begin by t ,rochophore larvae of 

culturists star. P-vtd.ng food, m dm form oM-hop 
oysters. 2 days after hatching A needling 

Irrger items of food must he effected beto renresentatiic teed 

sue at the age of 35 to 40 days Table 3 illustrat P 

Black porgy farming may be done in floating \ fifh/m= 

Cages arfsio^ked at 50 to 70 f.sli/mL "'f “mbmiion 

There is an increasing tendency to stock black p g 

" Bhck poSiTtolerate a wider range of -v-nmenia, condinons .him 
puffers or led porg.es They are particular 7 xempcri 

perature. but feeding, and ihereforc growth, . serious diseases 

hue, below 5«C are considered po.en.ially dangerous No serious 

base yet been reported ..irrcssfiilh raised 

Black porgy are quite omnnorous. they laie . pupae, and 

on trash fish, mussels, the meat of pearl clioppctl 

commercial fish food pellets The general practice 
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TABLE 3. FEEDING SOIEDULE FOR YOUNG ajI.TURFJ) BIACK PORCY IS JAPAN 


Act Of 

LAXSAC 

(days) 

itzts 

so or 

OAILY 

rrmtscs 

AMOtVT 

trvm 

rireisc 

0-1 

None 

— 

— 

2-7 

Trocfcophoie 
larvae of 
oysteti 

1 

to larrae/ml. 
gradually in- 
cteaising to 

100/ml 

&-14 

Trochophore 
lanae of 
oyitCT*, grad 
ually changing 
to barnacle 
ruuptii 

1 of oyster larvae, 
5-1 ot harnadef 

100 oyster larvae/ 
ml. and 0 1 bar- 
nacle nauplii/ml 

15-17 

Barnacle naupUt 

5-4 

0 I/ml 

18-32 

Barnacle naupln 
and rsanne 
copepods, (Fresh- 
water copepodt 
may be su^u- 
luted) grada 
ally dunging 
to 100% cope 
pods 

5-4 of barnacles 
atsd 1 of cope- 
pods (fresh- 
water copepodt 
mutt be added 
more often, as 
they do not sur 
she s»fii in sea 
water) 

01 barnacle naupln/ 
ml and an empln 
cally determined 
number of cepepodr 

33-S4 

Copepodt 

1 

Fmpineally 

determined 

55-40 

Minced fish meal 

Cmpiiically 

Empirically 

(seedling 

and/or pelleted 
cofiuneiaal fish 
feed 

determined 

determined 


trash fish or dr^' I«d, Vkhichever is cheaper, though there may be a slight 
problem in conditioning the fish to accept the dry feed, Tlie comersion 
rate of fresh fish by black porgy is S to 4:1, and marketable sire (about 
150 g) is reached in IG to 20 months 
Some farming is or was done with 1* or 2->ear-old svild seedlings The 
I-^earold seedlings are seined from shallow' coastal areas during late 
May to late July, at which time tliej are 1 to 4 cm long, and reacli com- 
raerdal size in 15 to 18 months The 2-ycar olds, 10 to 15 cm in length 
and 30 to 50 gin weight, are caught along the coast wiili nets or hook and 
line from Ma^ to July and are ready for market after 6 months of feeding 
Tlie supply of 1* and 2 year-old seedlings is rather small, and as ariificiai 
propagation of black porgy becomes more presalent and dBdcnt, their 
use by fish farmers is expected to cease entirely, if it has not already. 
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certain il^arine ashes, including sh M Batoi^ 

■sea eels" (family Congridae?), are g| jgg operators were 

but details of these practices - " 'hafydlowtail and puaer. 

engaged in culture of marine hshra 

From 157.3 ha of water, they produced 101 metnc ton 

rather low average yield oE about 64 Itg/ a- 


CULTURE OF COD IN NORWAY 


The first recorded large-scale success in °r! Luthern 

fish svas aclrieved with the / Biological Station, near 

Norway over 85 years ago. The Flodeyige ^ 

Arendal. where cod were first bred, is sti i ojjiiion cod larvae 

operations have been intensified, until no 54 ay-old larvae 

are produced every 2 years. The survival rate from egg 

is approximately 90%. ^ Oslofjord. Con- 

The larvae are released nearby in the J Nonvegian fisher- 
irary to general experience with this sort o p ^ propagation and 
men and biologists agree that the program of arufia^^P E 

stocking contributes greatly to the ° Norway, but in the Soviet 

Cod have not been widely cultured ou i Barents Sea is 

Union a new experimental fi,,.cuUuresta,mn;n.o ^ 

slated to begin both artificial propagauon 

and the closely related haddock (Melanogrammvs g 


brackish water pond culture 

All told, the rearing of fish in "'‘^^y^^nvironments. Brackish 

rignificance than fish farming in iru y oartially dependent on 

'vaier fish culiurists are almost always at e stocks as well. The 

tidal flow for a supply oE water and somctim nearly impossible to 

continual influx of water from the , brackish water impound* 

completely control the spedes composition ,,,^„5elvcs harvesting a 
tneni communities, thus culiurists usua^ y ctow. Some of these 

number of fishes other tlian those they intc currently favored 

fishes may eventually prove to be more va cnlturisl simply by 

crop species. Tliey are worthy of sumy ) artifidal environ- 

'btue of rheir presence, growth, and survival in 
tnent he has providetl. 
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IN THE MEDITERRANEAN REGION 
F.shes most ex.ens.sely harsested from bodnsh 
..emancan Sea and .n Soud.east As.a Manag^ent 
ml in most parts of the Mediterranean area, but ■" 

Italy, parucularl, the lagoon o! Venice, fishermen hate j , 

orate schemes lor trapping grossing, and harsest.ng fish P . 

fish crop in the Italian lagoons IS mullet, but tsso si^nes p 

fish, Dicenirarchm labrai and the gilthcad hream (Sporns a J’—. 
also encouraged and subjected to a certain amount ,6 

methods used in managing these speaes are described n O’^P^r 
Among die inadenul species, ssh.ch enter lagoons and are hanm ^ 

as a matter ol course, the most commeraallysaluable is the cel ( « 

ongmlle) Others include gudgeon (Gotini sp) a num^ o 
including PUuronecles /I«iu, Solcn tmigans, and Doihus podas, san 
speaes ol silsersides (Alhersna) particularly A mochon, croalccr ( 
bnna orrhosa). and porgy {DenUx deniex) 


IN SOUTHEAST ASIA 

Brackish v.ater fish culture is more intcmne m southeast Asia than in the 
Mediterranean area, imohing fertilization and sometimes supplemen 
tary feeding The traditional crops are milhfish and mullet In man> 
areas, the introduced Ja%a tilapia {Ttlapia moisambica) has become a 
third major crop by \nrtue of the inability of cullunsts to materially 
reduce its numbers (See Chapters 17, 16 and 18 for detailed accounts o 
the culture of milkfish. mullet and tilapia, respecti\ely, in southeast 
Asia.) Many more speaes enter brackish Vk-ater ponds, some pisasorous 
ones are considered mainly deslnictue, to be eradicated if possible, 
whereas others are too small to be of direct significance to the cultunst 
but a few are encouraged and harsested 

Of particular interest is the pearl spot {Etroplus suratensu) of India, 
Pakistan, and Ceylon, the only Asian brackish water fish which can be 
easily made to spawn in confinement In nature, pearl spot attach their 
eggs to the undenide of submerged objects in 1 m or less of fresh or 
brackish water Cultunsis in southern India (the only area where pearl 
spot are cultured) take adsanuge of this trait by ereatng platforms made 
of slabs of stone or slate in their ponds Like all achlids, pearl spot c^e 
for their young, thus speaal spawning ponds are not usually provid^. 
though the effiaency of propagation could perhaps be increased in this 
manner 



miscellaneous brackish lvaler and inshore marine eishes 


553 

Pearl spot are mainly herbivores, and feed mostly ™ ^ 
green algL and decaying plant remains. 0£ lesser “ “ 

are soft macrophytes, zooplankton, insects, worms, reared 

spot attain lengths of 10 to 12 cm in ponds in 1 year and have been 

Some of the generally unwanted piscivorous fishes 
or potential importance, particularly in P”".* ^ species. Perhaps 
tilapia or other small fish compete severely wi iTates calcarifer). 

the'most widely distributed piscivore ol 

Cock-up are generally considered uns groupers (Epinephelus 

mullet, but have been recommended, a g ® Where crusta- 

spp.) for certain polyculture schemes m . ^ , ygm d their 

cams are extremely abundant, cock-up may ^enve ^ “ J5% ot^^^ 
food from them, and perhaps thereby spme ot ” occurs in 

Monoculture of cock-up in both fresh and „dent 

India, Pakistan, and Thailand. ffab° which can be supplied; 

on the amount of food (usually trash ^ attained in 1 

lengths of up to 30 cm and weights of up to . g 7 

Another potentially valuable thT 

plumbeus), which has been suggest^ f pond aiUure. Its 

^“tS^ead pisdvores am 

the related ten-pounders (£fopi spp.), deserves this 

extreme voracity. Food studies ^ trn.pounders are popularly 

reputation, but that the predatory capaaties p imnortant in pond 

exaggerated. Flops mocLotn has for cen.unes b- ^ if nnd 
odture in Hawaii where fry are ‘"PP^ff;, ^f^Tn “ItLast Asia. 

Its congeners are of only incidental im^ grosvn 

Tarpon are cultivated only mindm and l^yfem^ ,nd 

m freshwater ponds. Larvae and fry The young tarpon 

transferred directly to freshsvater ssithout acc ^ favorable con- 

atiain lengths of 35 to 40 cm in ^ i^fg weeks. The 

ditions in hrackish svater, this size has heavily popu- 

principal use of tarpon is as a converter ° in Se ivSiem 

lated ponds. Even this role seems of ou ^ scarcely con- 

World at least, tarpon itself is regarded 

sidcred edible. . fi<h fauna has been 

Tlie most complete surs-ey of brackish svater po 
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earned out in the tambaks used to rear milkfish in Java Among the 
fishes present and already discussed are mullet, Therapon spp, cock up, 
grouper, tarpon, and ten pounders Others of possible value as food fish 
include bonefish {Albula vulpes), synbranchoid eels (Monopierus alba), 
barracuda (SphyToena jello). spotted scau (Scatophagus argus), and \anous 
catfishes, including Plotosiu camus, Plotosus angutllarts. Anus lepiaspis, 
and Anus maculatus 

Under normal arcumstances, with milkfish as the pnnapal crop, these 
fishes may contnbuie an additional 30 kg/(ha)(ycar) to the yield of a 
tambak. In order to avoid possible losses of expensise milkfish, tambaks 
in the early stages of construction or those vith weakened dikes are often 
stocked exclusively with ‘ extraneous fishes, in which case yields of 100 
to 150 kg/ha may be expected 

IN THE UNITED STATES 

Culture of marine and brackish svater fishes has only recently begun to 
attract the attention of large numbers of workers m the Unit^ States A 
pioneer in American manne fish culture was G Robert Lunz, of Bear's 
Bluff Laboratories, Wadmalaw Island, South Carolina. Lunz's expenmen 
lal culture methods, while anything but intemive, illustrate the potential 
of saltwater pond fish culture in the southeastern United States. 

Lunz maintained a 0 S-ha saltwater pond, averaging about 0 75 m deep, 
equipped with an automatic sluice gate, and allowed it to be stocked with 
fish on the incoming tide. On five different occasions from 1947 to 1951 
he was able to produce 55 to 130 kg of marketable fish, not counting 
oysters, crabs, and shnmp, in growing periods of 6 to 13 months Average 
producuon, prorated for a 12 month period, was 206 kg/ha This was 
achieved without species selection, predator or disease control, fertiliza 
tion, or feeding 

The only fish that comprised a significant proportion of every harvest 
at Bear's Bluff Laboratones were mullet Spotted sea trout (Cynojcion 
nebulosus) spot {Letostomus xanthunis), and black drum {Pogomas 
cTomts) were usually present in significant amounts while ladyfish (Slops 
saurus) and red drum (Setaenops ocellaia) were each important m one 
harvest Also present in small quantities on some occasions were weakfish 
(Cynoscion regalts), Atlanuc troaker (Aftcropogon undulatus), silver perch 
{Datrdtella chrysura), pigfish (Orthopristis chrysoplerus) sea bass (Cen 
tropmtes spp) and sheepshead (Archosargus probatocephalus) 

More recent attempts at brackish water aquaculture m the United States 
base concentrated on high pneed luxury products such as pompano and 
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vanous speaes o£ shnmp (Chapters 27 

every case where these ^ deeding the cultivated species 

amounts ot extraneous fishes, som . j Tn one case where spotted 

in numbers and weight, have been harves e shrimp, 448 hg/ha 

sea trout invaded a shrimp appear to have excellent 

of sea trout were produced This spea with respect 

potential for culture, were it not f produced 

to handling Other speaes of pry%napper {Lut,amis griseus). 

include gag {Mycteroperca (/untmstomus argentem), 

aevalle jack (Cnrnnx ^ ,j^honrhombo,des). great barra 

kmgEsh {Menticrrhus spp), P‘"^ (ParaUchthys spp) 

cuda {Sphyraena barracuda), and A them 

The extraneous species are menu American maricul 

Will be found suitable for intensive nToduanc a gourmet 

musts, seemingly obsessed with ”°“°"tt,uable sources of food A 
product, may he overlooking a numb tecentlv taken by the Lou 

first step toward remedying this situation ,„tli Louisiana 

isiana Wildlife and Fisheries Commission in P Atlantic croakei 

State University Their preliminary experim t_i,.n by commercial 
indicate that, although croakers of the size V 7,„ be reared 

fishermen are of little value as human oo , P ^ ^ ponds 
to a marketable size Fingerlings 25 ^.“"o^.ng season, with 

produced 300 kg/ha of marketable fish i ^j^^^j^^^^bility ot supple 
out feeding Current studies are concern experiments have 

mental feeding and overwintering m ponds Similar P 
recently been initiated with red drum 


prospectus 

„„,i nilture in southeist Asia, the 
The ancient history of brackish water p culture of estuarine and 

Mediterranean, and Hawaii b mtensive monoculture, as 

inshore marine fishes is in its infancy ° poUcultiire have great 
recently practiced in Japan, and , ,be lalter tedimque to 

potential Efforts should be made to in ogbility of produang large 
rU coastal regions of the world. as It las t le ^ minimum of expense 
amounts of protein for human consump i , ^ snnd to benefit from 

and technological know how Both types o mjcTht be used Ccriainl) 
a thorough inscstigation of the speaes w u alltl^ahle fislies 

ha^e thus far utihrcd onl) a un> minority of Uie 
tJf the inshore eimronment 
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We remarked in the introduction (and ^ b'ehind agriculture 

make this observation) that aquacuUur hunter ot aquatic organ 

>n its development; that man is essentially s i respect to marine 

isms rather than a farmer. This is espeaa y culture of freshwater 

fishes While there are ancient historic , t„tes, marine fishes 

and brackish water fishes, as well as marine in 

"ere strictly a fishery product until this „„urc of marine 

It is not surprising that the first peop ^ -onortion of their food 
fishes were the Japanese, who derive j^csTresearcliers have at 

Ifom the sea than any other major nano . J P nati>c marine fi'h 
one lime or another studied virtuall) every of species arc 

"i<Ii respect to in potential for culture, and a number P- 
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expenmentally or commeraally caUiired in Japan today, but the first 
speaes svith ivhtch they had success on a commeraal scale, and still by 
far the most important, is the yellossuil (Senola qmnqucradiala) A 
small, loss intensity yelloivlatl culture enterprise has existed on the island 
of Shikoku in the Inland Sea since 1928, but the speaes did not assume 
major importance as a cultured fish until the 1960s 


SUITABILITY FOR CULTURE OF YCLLOWTAIL 

The yellowtail has a number ol seeming disadvantages as a speaes for 
culture It 15 a wide ranging, fast swimming, pelagic fish, which one 
should suppose not to be amenable to the close confinement necessary for 
fish culture, but, surprisingly, this has not presented a problem It is also 
a highly pisavorous speaes, and one which biologists have thus far been 
unable to propagate artificially, even experimentally Hoih of these fac 
ton arc economically disadvantageous for yellowtail farmers, nevertheless, 
they are able to compete favorably with yellowtail fishermen 


COLLECTION Of FRY 

Since yellowtail have not been bred m captivity, v,ild siocb are the source 
of fry for culture Adult yellowtail. which are found off Okinawa in 
March, migrate north in the spring to spawn oft southern Kyushu in late 
April or early May Soon after spav>ning larvae less than 15 mm long arc 
brought near the coast by the Kuroshio current captured by surrounding 
with fine mesh nets, and sold to fry speaalisls, who rear them to a size 
suitable for farming 

A speaal license is required to capture and sell yellovsiail larvae, and 
the field is dominated by a few large operators, each of wJiom must abide 
by a catch limit set annually The toul limit for 1967 was 17 billion 
larvae Thus overfishing of yellowtail larvae is not a problem, yet the de 
mand for yellowtail has inaeased lo the extent that the strictly regulated 
fishery is not able to supply it The obvious solution to the problem is 
to develop means of artifiaally propagating yellowtail, but there is no 
assurance that this will be achieved m the near future 

The first task faang the fry speoahst is to grade the larvae into small, 
medium, and large caiegones (sec p 409 for description of the method of 
grading small fish) If this is not done, up to 50% mortality may result 
from cannibalism. 
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Fig 1 Floaling net cage used m 
mowing yellontail in Japan (Courtesy 
Teruo Harada Fisheries Laboratory 
Kinli Unisersity WaVyamalen Japan) 



fRy REARING 

After grading the larvae are stocked m omagra, both 

from 2 to 50 m= m area and 1 to 3 m deep (Fig ) success 

for fry rearing and for growing for market, has ^ number of 

of yellowtail farming and is now being teste P advantages of 

other types of fish culture Floating cages combine "ag 

small and large enclosures When fish are crow e efficient 

they burn fewer calories, consequently food conver easier the 

And of course the smaller the enclosure the V f"" of 
harvest However, in conventional pond cu lure le by 

0 pond to be stocked with a given num er o Assuming 

Chemicil factors principally the oxygen capaa y floating 

®ny significant amount of circulation, this does no ^ 

rages While fish in cages are ^®‘™,"dle is theoretically un 

amount of clean, oxygenated water aval 

Vellowtail cages, the locauon of which should be con 

lectural goicrnments, are set out in parall platforms and a 

Stamly tended, thus they are usually P™'’ jg jirgcr cages 

slicUer for i\orkers One man can look after started on 

As soon as the fry are ready to begin feeding they 
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minced fish and/or shrimp Shnmp and s\hitefieshed fish, such as sand 
eels and horse mackerel, whicli are low m oil and fat, are preferred to 
pink fleshed, oily fish but if, as sometimes happens, such fish are in short 
supply, anchosies may he substituted This is a dangerous practice, he 
cause yelloutail are not able to digest the unsaturated fatly aads in oily 
fish Up to 100% mortality has resulted when fry were expenmentall) fed 
exclusnely on anchosTCS It is thought that some sort of dietary supple 
ment could eliminate this danger, but until such a substance is developed, 
yellowtail cultunsts are advised to feed anchovies and the like as seldom 
and as little as possible Some cultunsts stretch the supply of food fish 
by supplementing the diet of fry with zooplankton attracted into the net 
cages by lights suspended over them 
The supply ol food for yeltowtail fry could be stabilized if there were 
a suitable artificial food, but none is commeraally available Good re 
suits have been expenmentally achieved at the Hiroshima Prefectural 
Fishenes Expenment Sutjon with freeze-dned shnmp Small, commer 
aally valueless shnmp are dned, ground, sieved to remove bits of shell, 
mix^ mall ratio with water to produce a paste, and spread on a glass 
rod or plate for presentation to the fish 
A problem sometimes encountered m 7 to lOday old fry is the develop 
ment of calaum deposits m the form of unnary stones There is no 
known cure for this condition, which may be s^rnpiomatic of nutritional 
defiaenaes, and it may cause 80 to 90% moriahty 
Fry sold for stocking m growing cages vary from 5 to 10 cm long and 
8 to 50 g in weight, but those near the upper end of this range are pre 
ferred. Growth to this sire usually requires 4 to G weeks in cages Fry 
speaahsts are usually located no more than 100 km from their customers, 
and transfer of slock could probably be accomplished by truck, but 
live boats are presently used An indication of the expansion of the yel 
lowUiI culture industry is the fact that m 1955 200.000 fry were sold 
and Slocked, while in I960 20 million were supplied to growers 


Cnoiv/NG FOR MARRST 

Growing for market is done in cages, S5 to 100 m* in area, 3 to 6 ro deep, 
made of nylon or metal, and stocked with 40 to 100 yellowuil/m* (see 
Fig 1) In choosing a location for cages, the following factors must be 
taken into consideration 

I Circulation There must be sufliaeni exchange of water through the 
cages to wasli away feces and uneaten food and ensure that dissolved 
oxygen concentrations are at least 3 ppm 
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2. Temperature. Yellowtail cease to grow below 15°C and die at 9°C. 
Culture is usually carried out at 18 to 29°C, and optimum temperatures 
are considered to be in the upper half of this range. 

3. Salinity. Although yellowtail are pelagic fish, they do well at rela- 
tively low salinities. For best growth, cages should not be placed where 

the salinity drops below \&%c- . , 

4. Pollution. When large-scale yellowtail fanning was started, care 

was taken to select culture sites remote from sources of domestic, in us 
trial, and agricultural pollution. It is clear, however, t iat po ution 
is going to be more of a problem in the future as Japan continues to grow 
and industrialize. Growers of piscivorous fish such as yellowtai lave ur 
ther cause for concern since it has been demonstrated that remot 
from agricultural lands does not completely protect their stoc rom 
lamination with pesticide residues via the food chain. ^ ir, 

5. Protection from wind and waves. Cage culture sites s lou 

cated in sheltered waters. ^ 

6. Accessibility. It must be economically feasible to transpor 
food to the farm and ship marketable fish from it. 

Feeding is as crucial in growing yellowtail for m^ket as ^ 

culture, and the same general rules apply with . 

Mt (see above). An indication of the importance o ® 

culture of yellowtail is the fact that 49.4% of the budget of the average 

farmer goes for food. , ^ „ __ „,pans 

Artificial dieu for the final phase of yellowtail culture are y 
perfected, but they are in more general use than is the 
culture. The best developed so far consists of at least 70% . 

utade from the same kinds of fish used to feed fry, wit o % 
as a binder. Other ingredients include a vitamin mix simi ® , 

"> chickens and catfiS in the United States (see p. 
pccially iron and cobalt to prevent anemia; and the enzy 
This diet is prepared for feeding by mixing with water * ’ , . j 

f owth obtaLed on this mixture is not as good as that obta ned by feed 
■ug fresh fish, but if the two foods are alternated, grow ‘ ; 

>' fresh fish alone is fed. Large-scale adoption of the a t.toal d.« is 
presently retarded by its high cost, which will drop i > respond 

continues to expand. Another problem is that yellow at 
I'cll to food in pellet form. Research is now going on with the goal 


findi 


‘”“‘ng a more suitable shape for food parucio. ^ ^ much and 

Considerable effort has been expended in ® ,^3, growth, 

uften to teed. Japanese researchers, taking into a 
t'U'ival. and conversion are not all maximized at the same 
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minced fish and/or shnmp Shnmp and nhite fleshed fish sucli as sand 
eels and horse maclcerel, which are low in oil and fat, arc preferred to 
pinV fleshed, oily fish but if, as sometimes happens, such fish arc m short 
supply, ancliovies may be substituted This is a dangerous practice, be 
cause yellov.tail are not able to digest the unsaturated fatly aads in oily 
fish Up to 100% mortality has resulted when fry were cxpenmentall) fed 
exclusisely on andiosies It is thought that some sort of dietary supple 
ment could eliminate this danger, but until such a substance is de\elopcd, 
yellowtail cultunsts are adsiscd to feed anchoMCs and the like as seldom 
and as little as possible Some cultunsts stretch ilic supply of food fish 
by supplementing the diet of fry with zooplankton attracted into the net 
cages by lights suspended o\er them 
The supply of food for ycllowtad fry could be stabilized if there were 
a suitable artificial food, but none is commercially as-ailablc Gootl re 
suits have been experimentally acliicvcd at the Hiroshima Prcfcctural 
Fisheries Expenment Station with frecze-dned shnmp Small, commer 
cialiy valueless shnmp are dried, ground sieved to remove bits of shell 
mixed mall ratio with water to produce a paste, and spread on a glass 
rod or plate for presentation to the fish 
A problem sometimes encountered in 7 to 10<Iay old fry is the develop- 
ment of calaum deposits m the form of unnary stones Tliere is no 
known cure for this condition which may be symptomatic of nutntional 
defiaenaes and it may cause 80 to 90% mortality 
Fry sold for stocking in growing cages vary from 5 to 10 cm long and 
8 to 50 g in weight, but those near the upper end of this range are pre 
ferred Growth to this sue usually requires 4 to 6 weeks m cages Fry 
speaahsis are usually located no more than 100 km from their customers, 
and transfer of slock could probably be accomplished by truck, but 
live boats are presently used An indication of the expansion of the yel 
lowtail culture industry is the ta« that in 1955 200 000 fry were sold 
and stocked, while in I960 20 million were supplied to growers 


GROWING FOR MARKET 

Growing for market is done in cages, 35 to 100 m* in area, 3 to 6 m deep 
made of nylon or metal, and stodged with 40 to 100 yellowtail/m’ (see 
Fig 1) In choosing a location for cages the follovsnng factors must be 
taken into consideration 

I Circulation There must be suSaent exchange of water through the 
cages to wash away feces and uneaten food and ensure that dissoh«l 
oxygen concentrations are at least 3 ppm 
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2. Temperature. Yellowtail cease to grow below 15°C and die at g^C. 
Culture is usually carried out at 18 to 29“C, and optimum temperatures 
are considered to be in the upper half of this range. 

3. Salinity. Althougli yellowtail are pelagic fish, they do well at rela- 
tively low salinities. For best growth, cages should not be placed where 

the salinity drops below 16%c* ^ 

4. Pollution. When large-scale yellowtail farming svas started, care 

was taken to select culture sites remote from sources of domestic, indus- 
trial, and agricultural pollution. It is clear, however, that pollution 
is going to be more of a problem in the future as Japan continues to grow 
and industrialize. Growers of piscivorous fish such as yellowtail have fur- 
ther cause for concern since it has been demonstrated that remoteness 
from agricultural lands does not completely protect their stock from con- 
tamination with pesticide residues via the food cliain. , , , , , 

5. Protection from wind and waves. Cage culture sites should be lo- 
cated in sheltered waters. , 

6. Accessibility. It must be economically feasible to transport fry and 

food to the farm and ship marketable fish from it. 

Feeding is as crucial in growing yellowtail for market as it is in fry 
culture, and the same general rules apply with 

fish (see above). An indication of the importance of feeding in cage 
culture of yellowtail is the fact that 49.4% of the budget of the average 

'7rtSdttstr ',he final phase of yellowtail culture are by no meam 

perfected, but they are in more general use h- -s the -e o^ f^ 

culture. The best developed so far consists of at ' 

made from the same kinds of fish used to feed fry, widl ^ 

as a binder. Other ingredients include a vitamin mix ™ - m ^ “ 

to chickens and catfish in the United States see 

pecially iron and cobalt to prevent H 

This diet is prepared for feeding by mixing w^i^ 

growth obtained on this nn’“”‘= alternated, growth is better than 

ing fresh fish, but if the two f-^s am al.erna^ 

if fresh fish alone is fe . arg . drop if yellowtail culture 

presently retarded by its high J, 

welUoTood1n'’pdlet torn'. R^ar* is now going on with the goal of 

finding a more suitable ^endJd in determining how much and 

Considerable effort has rSers tahing into account that growth, 

how often to feed. Japanese rescard^.ja^^^ at the same level of 

survival, and conversion are not all maximi 
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Plate I Feeding inuU yellowuil m floating tage culture Japan (Courtesy Ziad 


Shehadeh, Oceanic Iniutute. Hawaii) 


feeding, hate concluded that the opumal feeding regime for ^ellowtail 
consists of two feedings daily, at about 0100 and 1400 hours, together 
amounting to 10% of the body weight of fish fed 

Yellowtail in net cages grow remarkably rapidly By December, when 
they are generally harvested, the 8 to 50g fry which were stocked m 
June are 30 to 50 cm long and weigh 1 0 to 1 5 kg or, occasionally, more 
A few fish may be left in the cages for several more months, perhaps until 
the start of the next farming season, at which time they arc marketed as 
40 to eO-cm fish weighing 2 to 3 kg This is done only m the southern 
most farms, svhere the water temperature is suitable for wintering, and 
accounts for only about 5% of the total production of cultured yellowtail 


PROBLEMS 

It has been found that if the organisms which inevitably attach them 
selves to the walls of net cages are not controlled, growth is retarded 
In addition, such organisms often harbor pathogens Therefore the nets 
are penodtcally replaced— every ten days for nylon nets, or every three 
months for metal ones 
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PuiTE 2. Onc-kitogram yellowtail af- 
ter hartcst from floating cage. 


Despite such precautions, diseases and ,ertr/o°"'ivhich at- 

The cLmonesfparasite is the flatworm the 

taches to the skin. Infestation with Bendema is pre matures very 

stock in freshwater every 10 to 14 days. Si-e t - worm manures «ry 

rapidly, to miss or postpone one of the treatra .pj'bv exposing the 

foothold. If flatworms are found, they may be ehmma.ed by exposing 

fish to freshwater at 26°C for 3 min, or for 5 -|j 5 _ ,„],ich 

dxine heterocerca, a trematode , various drugs or, more 

may cause a fatal anemia, may be cured v ,,„ne/ salinity) tor 2 to 4 
simply, by placing the fish in strong salt water (100%. salinity) 

A greater danger is the bacterial 

cholera. No cure for vibriosis has been per y . antibiotics look 
results obtained by oral administration o 
promising. The best prevention is the usua P 
in good condition. 


boduction and yield 


'otal 


.. 1 increased from 300 metric 
4 production of cultured yellowtail i area 

's in 1958 to more than 30,000 metric ' . under culture, the 
ually occupied by net cages is considered as b 
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per hectare >ieWs achie%edat ^ellowtail farms are astronomical Estimaies 
as high as 280 metric tons/lia base been made for farms Vkhicli use a neu 
rotary cropping s)-stem similar to that applied m culture of milkfish 
(Chanos chanos) in Taiwan (see Chapter 17) Esen if the amount of 
unproductive water in any culture area is taken into consideration, the 
per hectare food yields of }cI!owtatl farms must lie among the liighcst 
ever obtained through aquaculture 


MARKETJNG 

Yellow tail farmers, mostly family groups find a rcad^ market for their 
product, a staple food in Japan, and are able to realirc middle-class 
incomes on the basis of less than one hectare of water A corapetiiive 
factor in favor of ^ellowtail cultunsts, as opposed to fishermen, is that, 
contrary to the usual situation wath cultured fish, their produa is judged 
to uste better than wild fish, 

Eisherj-caught yellovsiail are marketed in tvso separate sire categories 
The larger fish called ‘bun, have no counterpart m cultured yellovrtail 
If only the small ‘hamachi are considered, cultured yellovsiaii const! 
tuted 56% of the total sold at the Osaka fish market (a pnnopal outlet) tn 
1965 If problems of feeding and fry supply are solved, this percentage 
wall probabl) increase. 


SIGNIFICANCE OF YELLOWTAIL CULTURE 

Several speaes of Sertola arc widely distnbuted in the warm waters of the 
Atlanuc and Paafic, and it seems inevitable that eventually fish cul 
tunsts tn other natioru vmU follow the Japanese lead and institute cul 
ture of S quinqueradwta or lU congeners But the significance of the 
Japanese achievement with yellowtail goes far beyond the future of 
Sertola spp By successfully (arming S quinqueradtata, Japanese fish cul 
tunsts have demonstrated two impottant points 

I Manne fish can be intensively cultured. fTruly intensive culture 
would, of course, include propagation in captivity, this has not yet been 
achieved with yellowtail, but other marine fish are being bred in cap- 
tivity in Japan, and yellowtail almost certainly will be eventually ) In 
Japan, practical cultunsts, spurred by this success, are increasingly in 
terested m other speaes of manne fish. "WTule yellowtail remain the pnn 
apal marine fish crop, other speaes already account for nearly 25% of 
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JAPANESE 

the total production of cultured marine fish. Outside Japan, experimental 
culture of marine fishes is increasingly taking place. 

2. At least some species of pelagic schooling fishes can e cu “ 
dose confinement. Already, it is being advocated 
spedes. even such large predators as tuna, be cultured. (See Chapter 
for a survey of ideas in this area.) 

Thus, the development in the 1960s of large-scale culture 
in Japan may be seen as having profound implications in terms of m- 
creasing the Lid food supply. If, however, the more ““ °- 

gists' pmphecies with regard to die fate of the j 

piscivorous fishes, come to pass, then Japanese 

seen in retrospect as nothing more than a temporary, isolated pheno 
non. 
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INTRODUCTION AND RATIONALE 

Fish culture probably began svith Ireshwater pond fish 'When fish habitu 
all> or necessanl) sta) wihm a restricted area, it is reasonable to engage 
m reeding or other management activities \suh some expectanon oI 
realizing a return on 
of fish of streams. 


... the imestraem of time, labor, and capital Culture 
estuaries, and the inshore oceans requires somevihat 


; elaborate precautions t 


ensure tliat the stock stays around for the 
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harvest but presents no insurmountable problems, -d such fish also have 
a long history o£ culture But management, let 

pelagic fishes IS quite another thing Confinement o£ such a J- 

Lde ranging an^al as a tuna or a mackerel would 
able, and the efficacy o£ casting one’s bread upon the p ^ 

hope that It will come back scaled is questionable ‘"deed Even £ P g 

fish'es could be -herded.” as some XX-rnrhuriittle 

mensional nature of the oceanic enviro maximum 

control of Eood supply, breeding, predation, an achieved with 

intensity o£ such management would be much less than that achieve 

such relatively unrestricted beasts as, say, range ca precon 

In the 19fiol however. Japanese f ^ "Xteage tlmr^^^ the 
ceived notions about culture o£ j ^umqueradmtd) 

large, last swimming, piscivorous yel assumed major 

which had been occurring on a small scale potential 

commercial importance, it was ""“iXhamer 29 for details on culture 
role of pelagic fishes in aquaculture (See Chapter 

ol yellowtail ) 


RESEARCH IN CALIFORNIA 


The most extensive work to date on 1 1 p Marine Fisheries 

pelagic fishes has been carried out « tlie ju 20 species 

Service Laboratory at La Jolla Californ , ^ap 

of marine fish have been hatched and o£ hide com 

tivity Many o£ the species cultured “P®" justories and 

mercial value but, as most pelagic hsii value in 

ecological requirements, much has been learned that w 
lutute attempts to culture pelagic fishes 


OBTAINING AND HATCHING EGGS Hatch 

Most pelagic fishes and some other salnvater fish ^^^^P being the 

ing such eggs is not parucularly d'H-eu t. egp, 

specific gravity o£ the water, which must ue g ^ juuafije water supply 
so that they will floTt during developmen ^^^jonmental pirimcters 
>s secured, it is meiely a matter of regu a t , many species were 

>0 suit the species being reared The tuentieth centuries by bi 

worked out in the late nineteenth and early 

ologists of the U S nsh Commission , ^nd with most species 

Obtaining eggs is somewhat more pro 
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biologists are stiM dependent on wild brood stock Hoisever, it seems only 
a matter o£ time until suitable techniques of hormone induced spawning 
are worked out for the commeraally important marine fishes as they 
have been for so many freshwater speaes 

MAINTAINING EARLY LARVAE 

More difficult problems are encountered in attempting to culture the 
larvae of pelagic fishes At hatching, such larvae are in a prolarval or 
embryonic condition lacking pigmented eyes and have an incomplete 
digestive system A second period of development is undergone during 
which egg yolk is gradually assimilated. Prolarvae are passively active 
while drifting in the sea They do not have sustained powers of directed 
swimming but have the capability of sensing the approach of planktonic 
predators and avoiding the near surface water during periods of strong 
sunlight. 

FEEDING OLDER LARVAE AND FRY 

As egg yolk is used up m growth and metabolic processes, the retina of 
the eye becomes pigmented a functional mouth and digestive system 
develop and the prolarva approaches the true larval stage at which it is 
capable of directed swimming and capturing food organisms 

The onset of the true larval phase seems to occur at one of two distinct 
stages of egg yolk depletion, depending on the species In one group of 
pelagic larvae, the feeding instinct manifests itself pnor to complete 
utilization of egg yolk These larvae have a built in aid to survival in 
that an energy deficit, caused by lack ol food, can be reduced by drawing 
on the remaining yolk reserve 

A second group of pelagic larvae do not begin feeding until all egg yolk 
has been absorbed. These larvae, to survive, must find food within a short 
time because the only energy source available for swimming and physio- 
logical processes comes from absorption of body tissues A second note 
worthy feature, which might be characteristic of this group of larv'ae, is 
that in all of the species reared to date, onset of feeding occurred in fish 
at a very small size The food organisms eaten are also small For example, 
the European plaice {PUuronectcs plat'usa), which begins feeding at 
approximately 7 mm in length, while some yolk remains in reserve, « 
able to consume food organisms as laige as 0 3 mm m diameter The 
Paafic sardine (Sardinops caerula) however, which does not begin feed 
ing until all yolk is absorbed at a length of 5 5 mm, is able to consume 
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orgamsms not much larger than 008 mm m diameter 

cies m the group which start feeding late, such as Pacific mackerel 

(Pneumatophorus diego). “Ifrachurus sym- 

ern anchovy {Engraulis mordax), and ]« and feed on 

n,c,ncus). range in sire from 3 to 4 mm at onset of 
organisms smaller than 0 05 mm m diameter A so. being small larvae. 

their initial swimming endurance and range are im develonintr a 

Rearing these most difficult of pelagic larvae 
technique for supplying very small 

complete yolk absorption, and in sufficien q maEnUude of 

,0 7 

but required a minimum of four foo org aquaria, 

energy^^lost in swimming and body unctiom ^be^^MO ht^r^^q^^^^^^ 

found most suitable for rearing th P organisms which 

1,800,000 cm^ of water The staggering n hours of 

must he supplied it high survival of larvae during the first 

active feeding is to be obtained is ‘b“S food organisms in a 

A second major problem occurs in pp y B of food 

senes of increasing sizes As the larvae grot , largest 

organisms consumed increases, since larvae tend to seek 

organisms they can swallow ouantities of food organisms 

The technical problems of supplying rg collecting them at 

in varying size ranges have been ^ ^ submersible pump is 

night A 1000 W underwater lamp Tbe strong light at 

suspended several feet below the surlace mj-ates them near the 
tracts copepods from a wide distance an transported to the 

pump where they are sucked up with throtiEh a series of filters 

surface Plankton enriched water then p luahly enriched filtrate 

which further concentrates ™5 collects organisms with 

ts piped to .1 900 liter storage tank 1 m 1 f„i ,o 

a cross sectional diameter of 0 028 mm an g^^^^ remove organisms 
fisli larvae, concentrated plankton is gra t_„,c copepotls, crab larvae, 

larger than 0 10 mm The “"‘“‘".‘"uccd fish fry and juveniles 

cllaclognaths. and so on, may be fed to a „n,c zooplaiiktcni larger 

After larvae have grown large cnougi lArtemia) cases the 

than 0 25 mm, supplemental feethng o ” . pj p dd fooil organisms 
task of collecting an ever incrc-asing supp y ^ continiioiis series and 
drtemm eggs arc hatched m the for fish larvae 

proNide T con\cnicni but incomplete 
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GROWTH AND SUITABILITY OT VARIOUS SPECIES 

Rate of grow ih in fish is governed b) inhcrcrit individual and spcacs gene 
potentials, whicli arc, m turn, to a large degree moderated b) water 
temperature Quantity of food present in Uic environment pH>s a sub 
ordinate role as far as rate of larval growth is concerned, food must be 
present in sufficient amounts to offset the constant drain on borly energy 
Marine fish larvae do not seem to have mucli, if any, capacity for storing 
an energy reserve in the form of fat Larvae held for a sliort time under 
suboptimal conditions rapidly develop lethal physiological disturlnnces 
During ilic critical first dajs of active life, survival is a matter of balance 
between energy expended and energy obtained from food The slight 
margin of energy obtained in excess of physiological needs is reflected in 
grow til 

A slight increase m larval sue is correlated to an increase m size of 
food particles eaten and in an ability to range further per minute of 
swimming in search of food In short, efficiency of living incrcises with 
sue The mode this efficiency takes is, however, different in various types 
of fish larvae For example, clupcoid sjiccics as Pacific sardine, northern 
anchovy, and a number of species of flatfish (Plcuroncctidac and Bothi 
dae) begin active life as long slender larvae Other tyjxis of larva, sucli as 
Paafic and jack mackerel, Pacific barractida, and lunahkc fish, begin 
active life m a similar form but subsequent ontogeny of tlie two fiodj 
types and food capacities are very dissimilar 
Soon after feeding begins (almut 3 5 mm) the Pacific mackerel has 
developed a large head and capacious momh The sardine larva at this 
time IS about 5 0 to 5 5 mm long and has a small head and mouth Tlie 
relative capabilities of the two types of oral apparatus may be seen in the 
progressive increases in food consumed by the Pacific mackerel type 
larva as compared to the sardine type 

At a length of 4 5 mm the Pacific mackerel might contain about 0 00-1 
cm3 of food Assuming that the volume of tl,c Paafic mackerel increases 
roughly with the cube of its length then doubling its length would result 
in an eightfold increase of body volume the volume of food, however, 
increases about 200 times The sardine, while increasing m length from 
4 0 to 7 0 mm theoretically increases in bulk by a factor of about 5 4 
times Its average food volume increases during this growth only by a 
factor of 125 times The sardine type larva requires approximately 30 
days from onset of feeding to undergo metamorphosis to the adult body 
form whereas the mackerel type larva metamorphoses to the adult form 
in approximately 7 days after onset of feeding 
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POSSIBLE APPLICATION TO COMMERCIAL CULTURE 

The factors influencing growth, as outlined, point to the potential of 
culturing species having a mackerel type development an grot 
of the pelapc, commercially valuable pisavorous species reared so f. 

exhibit this type of development , , ™ 

On the other hand, clupeoid fishes such as sardines and I'^ve 

the advantage of being able to digest --^b^hyd-tes which ^ 
less piscivorous pelagic fishes apparently cannot do Tte J 

and adults can be led%n present commercial fish foods Tins seeming ad 
vantage will probably be of less importance as new feeds, ^ 

needs of pelagic fishes, are developed to supplant the presently used 

‘XCst' growth rates among pelagic fry -“[fafbe:: 

such typically solitary pisavores as the Paafic arracu , Piscivorous 
grown from 4 5 to 35 mm in about 8 days after .P ™ , 

feding-a doubling of length every 24 hours « 
suited for intensive culture, however, as, aside ro „ynres such as 

ments, they will accept only live fish as food Sc lOO " 8 P ‘'feeding 

mackerel, on the other hand, may be easily ^ 

frenzy," at which time they will take ground anchovy, squid, 

” studied at La Jolla, the best b«n^obta.ne^l 

tilth the Pacific mackerel The chief P™’’’'^"’ when the fry 

cannibalism, commencing at about 9 days ‘(i„ct,on has resulted, 

are about 10 mm long Up to 50% P<’P;1='“™ spacious 

hut It IS believed that much o£ this could 

environment , m-nwn on a diet 

Paafic mackerel fry. kept in “ other fish, and each 

of large copepods, adult brine '•'"'"P- halcliing At this stage 

other, attained lengths 2-' 1 m deep, where they were 

they were transferred to a pool 4 m X 3 o„blcms of a iionbiological 
reared to the age of 3 months ^ nearly total, mortality 3 

nature caused a 75% mortality A ttecom. „nckcrcl 

months later terminated the expenme i-nj,,], ijascil on the 311 
averaged 0 11 kg in weight and 20 cm m fo k „f „.,s 

mackerel that sunned to the age of 6 month , 

^^pcnmcni is tremendous — 31,130 kg/ht 5 intc<l lo 

Schooling fishes, in addition to being croiMhng The nen-om 

mtensne ailiurc since the) arc ptca than might 

temperament of man) of these fishes mi) he less oi i 
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be anliapated, as at least some speacs, uhcn reared from earl) hfc 
under artificial conditions, do not exhibit the ' uild ' or excitable be 
havior of their naturally grcnsm counterparts but bchase more like trout 
cultured in a trout pond A case in point ts tlie successful rearing to the 
jmenile stage (80 mm) of the California flying fish (Cypselurus californt 
Cits) As far as can be learned, wild flying fish arc extremely delicate and 
excitable and do not li\c long at any stage when placcil m confinement 
When ailtured from the egg, howeser, a remarkable bchaMoral adjust 
ment to life in a small area is ol>ser\cd 


THE JAPANESE TUNA CULTUIiE PROGRAM 

Apart from yellowtail culture in Japan, growing of commcroally im 
portant pelagic fishes to marketable sire is largely in the realm of spec 
ulation A notable exception ts the tuna ailturc program of the Japanese 
Fisheries Agency In addition to cxpcnmcntal brcetling and hatching of 
bluefin tuna {Thunnus thynnus), this agency has inaugurated a tuna 
rearing expenment at Shiruoka Prcfcctural Fisheries Experimental Sta 
tion The immediate objective is to rear 0 5 to 0 5-kg 1 year-old tuna, 
captured m set nets, to marketable sire (2 to 8 kg) 2 year-olds The 
ultimate goal is to rear tuna to maturity and achieve reproduction under 
controlled conditions The initial cxpenmenis will involve 200 tuna, 
divided bets^ecn two octagonal floating pens, 5 m on a side and 9 m deep 
It 15 not known whether adequate fo^ can be provided or whether the 
fish will survive winter vsatcr temperatures vshich sometimes drop to 
12"C 

If tuna culture in floating cages proves unfeasible, the suggestion of 
M Inoue of the Fishery Research Laboratory, at Tokai, that tuna be 
reared in atolls and lagoons in the tropical Pacific may yet be heeded 


RESEARCH OR SPECULATION WITH OTHER SP£C/£S 

The only other pelagic fish which is remotely near the threshold of 
practical culture is the bluefish (Pomatomus saltairix) svhicli is being 
expenraentally grown in tanks at the University of Rhode Island 

Artificial fertiiization, hatching, and limited larval rearing of a number 
of pelagic fishes, including the Atka mackerel (Pleurogrammus azonus) 
and the Paafic saury (Cololatbts rairo), has been achieved in Japan, 
but no attempts have been made to apply the results to practical culture 
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Efioru have been made to rear artificially propagated yellowfin tuna 
(Thunmis albacares), but larvae have survived no longer than 20 days 
As mentioned, tlie suitability for culture of clupeoid fishes is i educed 
by die nature of then larval development A number of species, par 
ticularly the oceanic herring {Clupea harengus), are commercially valii 
able, however, and some effort has been made to culture SS® ® 

the Baltic herring (C hmcngus membras) have been artificially fertilize 
in the Soviet Union as a means of transporting this e icate s i rom 
Its native Baltic Sea to the Aral Sea for the purpose of inttoduction So 
far as is known, more intensive culture is not contemp ate 
About 1960, in Scotland, it was demonstrated that spem of *■= 
herring could be preserved for long periods, so that y n ization o 
many subspeaes and races of this widely distribute s wou 
sible The problems involved in rearing the larvae have also ■ 

and a few individuals fiave been reared past the point 
to the adult form This work has apparently not been followed by at 
tempts at large scale culture 


PROSPECTUS 

It has been suggested that some of the cord 

tropical Pacific might be converted into fish farms, involved 

appears attractive However, scliemes thus far prop Hawaii has 

organic enrichment of the lagoons Recent ^^h con 

shown that sewage may be lethal to the tiny cora ™ j 

struct and maintain the Paofic atolls In some cases mortality hasjeen 

attributed directly to the toxic effect of the monied Addi 

a'gal growth resulting from organic enrichment has 

t.on of fertilizers undoubtedly would have stocking 

enrichment resulting from artifiaal fee mg farming, advocated 

of fish might eventually destroy the coral , miaht in fact onl> 

as a means of increasing the world P™“‘" ’ pks of the Pacific 

succeed m reduang the protein ' ,'^mmun.ties of great 

islands, while simultaneously destroying ugi at atoll farming 

scientific and esthetic interest Certainly luid.es 

should be made unless preceded by care u reproduction well 

With the problems of larval culture an j fishes other tlian 

on the way to solution, practical culture ° For 

fellow tail seems more and more likely to Iikcl 


— w.c way to solution, pracucal culture o p b ^ 

>ello\Mail seems more and more likely to „cms most Iikcl) to 

Present, the Japanese method of cage grosM g 
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succeed in enabling culiunsis to iupply some of these fishes more cheaply 
andrehabl) than fishermen who must hum corral and capture them 
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The natfishcs (order Pleuroneciifotmcs) incliide Ar 

food fishes, marketed as plaice, sole. Ilouni er, Norili 

» Poup, they are among the mos. commeraaUj .^^ 

Tcm|>eratc vaicrs. Since die) inliabit clnell) ^,1 r„|ics, are 

”0") liard), and. nnlihe most of die -narinc fidics ro •>« " 

'oo'oMiat sedentarj, die) nere among the first mar.nc 

IXTnncmall) ailtured. . .i.oncd csidciicr «l 

rk number of important natfish rishing j- pj,,. carh at the 
'"Slit cnsironmcnial deterioration and/or ° ii.oe fi'hrrics. 

f^'r Inll of the nineteenth centnr). In an c [jtsae siochci' 

'^eral sjiccies of natfisli "ere atlificiaU) pro| tr ^ ,,a„ 

"’o"S Iwth sliores of the .\tlintic dtintig tne 




(Courtesy C £ Nash ) 

of this century Although plaice {Pleuronectes platessa) ha>e been thus 
cultured and stocked in Norway for 60 years the efficacy of the practice 
IS questionable, and it was long ago discontinued m most countries 
Almost all of the recent progress m flatfish culture has been made in the 
United Kingdom, under the aegis of the IVhite Fish Authority 

Research on more or less mtensise culture of flatfishes in the United 
Kingdom began during World War II No serious problems were en 
countered in most phases of culture but, before 1962 no more than 10% 
of larvae in hatcheries could be reared to metamorphosis In 1962, flatfish 
culture was revolutioniied by James Shelboume, then at the Fisheries 
Laboratory, Lowestoft, England Shelboume discovered that the mam 
cause of heavy mortality of larvae was a form of bacteria By adding a 
mixture of penialhn and streptomyan to the hatcliing tanks, he was 
able to control these bactena and rear 60 to 807^ of the larvae to meu 
moiphosis As cultured stoclts become generations removed (rom svild 
fish this antibiotic treatment may lead to lowered disease resistance, 
but theie IS no sign of such a phenomenon yet. 


CULTURE OF MARINE FLATFISHES 


Since Shelbourne's breakthrough, the center of flathsh culture has 
shifted from Lowestoft to Port Erin, on the Isle of Man. A pilot hatchery 
built there by the British White Fish Authority hvas so successful that it 
functioned as a supply station for the other field stations which have been 
established (Plate 1). At present, flatfish culture in Great Britain been 
restricted by limited financial support for development of hatcheries 

HATCHERY CULTURE IN THE UNITED KINGDOM 


SPECIES USED 

The species of flatfish chosen by the White Fish Authority for their inhial 
culture experiments was the plaice, but sole 

quently found to be hardier and better suued ■ J ^^e now 

atures, as well as bringing twice the price, an . and 

cultured. Other flatfish, including turbot ‘ using the 

lemon sole (Microstomus kitt) have been bre m . p suitable 

techniques to be described here for plaice and ^ut m dam «iiw 
foods have not been found for the fry of these speci ■ , require 

cipal cultured species are cold water, benthic carnivores which req 

an oceanic salinity o£ about 35%«. 

SPAWNING 

Brood stock at Port Erin are kept in m square anti 

season (February to May), transferred to in oor ^sriih- 

1 2 m deep, where spawning eggs are scooped off the 

out any manipulation of the animals The g tanks at the 

surface and hatched separately. sterilized sea water, 

katchery, arc supplied with recirculating, « j-j. er of sand may 

'vhich has passed through plastic pipes on ). * - much less 

be kept on the bottom of each tank, sino; cap 
oueasy if they can partially bury themselves. 


hatching and fry rearing . , 

« iriiidi hate individual 
The haldiing and fr>' rearing troughs, some ^ ^ i, 

teniperaturc control units, are 4.9m X 1*2 ^ - weeks at and 

locked with 30 to 40,000 eggs. Haldnng req ^ H.indling 

'ueiamorphosis to the benthic fonn jp the hatching tanks 


eCKS -- ' 

tw V..V - • the hatdiing tanks 

of all life stages is minimized by keeping larvae or fr> it *u^> 

out culture. When it is nc^sarj o 
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2 To investigate the use of enclosed natural areas for growing flatfish, 
with fertilization of the water and/or supplementary feeding 

3 To expenment with intensive culture in heated water 

STOCKING TO AUGMENT FISHERIES 

Experience had already shoivn that stocking flatfish larvae accomplished 
nothing other than to provide a free meal for various predators However, 
at the time when flatfish stocking was common practice, it was not pos 
sible to rear the larvae through metamorphosis, thus stocking of fry had 
never been tested Accordingly, considerable numbers of fry were stocked 
m the Irish Sea They fared no better than the previously stocked larvae 
It was noticed that the behavior of hatchery reared fry was altered, that 
they did not “know* how to cover themselves with sand, as wild fish do, 
to elude predators Whether or not this behavior was a crucial factor in 
their high mortality, the stocking program was abandoned 
Actual stocking and yield data on the Irish Sea experiments are scarce, 
but the results of computer calculations made by Saul Saila of the Uni 
versity of Rliode Island s Aquatic Sciences Information Retrieval Center 
are of interest Saila estimated tlie numbers of small winter flounders 
{Pseudopleuronectes amencanus) which would have to be stocked to affect 
the fishery for tliat species in Rhode Island Given the average annual 
fishery yield of 900,000 kg, it would require 22,500 kg of juvenile floun 
ders, or several billion individuals, to increase the fishery yield by 10% 
The additional fish would not come close to offsetting the expenses of 
hatchery culture 

CULTURE or MARKETABLE SIZE FISH 

The results of attempts to culture marketable size plaice and sole have 
been more encouraging The first attempts at growing haicliery reared 
plaice fry to marketable sire were based on work done during World War 
II by Fabuis Gross of Edinburgh University Gross found that, b) fer 
iihzing an enclosed sea loch with superphosphate and sodium nitrate, 

It was possible to grow flatfish two to four times as rapidly as in untreated 
voters, but his work was restricted by the scarcity of young fish for 
stocking 

^VllIl hatebery techniques perfected, fry supplies ceased to be a prob 
leni and m 19G5 the While Tish Authority csnblislicd another fickl 
station at Ardioo, Scotland, where a 2 ha loch was dammed and stockc<I 
with 200.000 young plaice (Plate 2) In heu of fertilization, the fish v\crc 
fed with chojipcd mussels and trash fish Problems were numerous the 
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be done b) means of a \erxical oserflow s^Ttem, or bj simpJ) partitioning 
off the lank. 

The nessl) hatched larvae are planktonic (othenMse there v.ould I>e 
no need for the hatching tanks to be so deep) and commence to feed a 
fevr da^T after hatching ProMSion of proper food at this time is sery 
cntical The only known suitable food for young plaice and sole larvae is 
bnne shrimp (ATtemta) and esen bnne shnmp are not accepted by some 
other flatfish. For reasons which arc not understood, but may hasc to do 
with pestiade residues, the source of the bnne shnmp ^gs is also mlical 
In 1966, when the 1\nute Fish Authority switched suppliers and pur 
chased Utah eggs instead of the California eggs they had been using, only 
3000 plaice and 5000 sole out of an expected crop of 100,000 of cadi speaes 
sursived 

At first each young flatfish requires about 10 newly hatched bnne 
shnmp a das, but larger larsae may take 200 dailv To cope with the al 
most continuous feeding required, the Port Enn hatchery is equipped 
wTih highly sophisticated automated bnne shnmp incubator feeder units 

Although bnne shnmp arc absolutely essential for scry young larvae, 
Bntish biologists attempt to wean plaice and sole larvae from bnne shnmp 
as soon as possible, and certainly before meumorphosis A good inter 
mediate food has been found in the form of an ohgochaeie svonn which 
inhabits the Nonh Sea tidal zone, but automated techniques for its con 
tinuous culture have yet to be developed, and natural stocks are limited. 
After metamorphosis, the fry are fed on chopped mussels or fish until 
they are 3 cm long at which umc they are shipped to one of the WTiiie 
Fish Authoniy’s other field stations for stocking in growing enclosures 
It has been found that shipping 5- to d-day-old eggs is much more 
feasible than shipping young flatfish Thousands of eggs can be shipped 
in a 3-liter flask, whereas at best hundreds of Iry can be accommodated 
in a similar amount of space. It is expected that, once hatdiery operations 
at other stations become as effiaent as ibo<e at Port Enn, shipping of 
and fry can be eliminated. 


OBJECTIVES OF THE BRITISH WHITE FISH AUTHORITY I^ 
CULTURING FLATFISH 

TTie original objectives of the IVhite Fish Authonty m cultunng flatfishes 
were ilireefold 

1 To investigate the feasibility of augmenting fisheries by stocking 
flatfish fry 
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2. To investigate the use of enclosed natural areas for growing flatfish, 
with fertilization of the water and/or supplementary feeding. 

3. To experiment with intensive culture in heated water. 

STOCKING TO AUGMENT FISHERIES 

Experience had already shown that stocking flatfish larvae accomplished 
nothing other tlian to provide a free meal for various predators. However, 
at the time when flatfish stocking was common practice, it was not pos- 
sible to rear the larvae through metamorphosis, thus stocking of fry had 
never been tested. Accordingly, considerable numbers of fry were stocked 
in the Irish Sea. They fared no better than the previously stocked larvae. 
It was noticed that the behavior of hatcliery-reared fry was altered, that 
they did not “know” how to cover themselves with sand, as wild fish do, 
to elude predators. Whether or not this behavior was a crucial factor in 
their high mortality, the stocking program was abandoned. 

Actual stocking and yield data on the Irish Sea experiments are scarce, 
but the results of computer calculations made by Saul Saila of the Uni- 
versity of Rhode Island’s Aquatic Sciences Information Retrieval Center 
are of interest. Saila estimated the numbers of small winter flounders 
{Pseudopleuronectes americantts) which would have to be stocked to affect 
the fishery for that species in Rhode Island. Given the average annual 
fishery yield of 900,000 kg, it would require 22,500 kg of juvenile floun- 
ders, or several billion individuals, to increase the fishery yield by 10%. 
The additional fish would not come close to offsetting the expenses of 
hatdiery culture. 

CULTURE OF MARKETABLE SIZE FISH 

The results of attempts to culture marketable size plaice and sole have 
been more encouraging. The first attempts at growing hatchery-reared 
plaice fry to marketable size were based on work done during World War 
II by Fabius Gross of Edinburgh University. Gross found that, by fer- 
tilizing an enclosed sea loch with superphosphate and sodium nitrate, 
it was possible to grow flatfish two to four times as rapidly as in untreated 
waters, but his work was restricted by the scarcity of young fish for 
stocking. 

With hatchery techniques perfected, fry supplies ceased to be a prob- 
lem, and in 1965 the White Fish Authority established another field 
station at Ardioe, Scotland, where a 2-ha loch was dammed and stocked 
with 200,000 young plaice (Plate 2). In lieu of fertilization, the fish were 
fed with diopped mussels and trash fish. Problems were numerous the 
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PuTE 2, Oasenl new of a Seottah Wxh. part of which « encloKi! for Balfoh culture. 


(Coortay C E. Nash.) 


first -jear hcas^ laintall and surface runolf diluted the sea Vi-ater {plaice 
are particufarls sensiUse to lost salinities), rolung segetauon caused 
oxwen depletion; and predators and competilors ran rampant. As one 
aorler put it. •^Ve had found an excellent isa> ol growing the shore 
crab ” 

Nevertheless, the cnlturisu at Ardioe persisted, and in 1968 the first 
crop of marheiable fish v.-as produced, li svas dedded that the original 
endosure was too large, and experiments are non earned out in smaller 
endosures, both within the onginal 2 ha loch and in the sea. Net c^es 
are also bang used. Control of predauon and salinity are still of conttm, 
but the prinapal stumbbng bloA to commerdal feasibility at this time 
is convenion of food. It is eslunated that it tabes 5 kg of food to produce 
1 kg of plaice or sole (wet weight) ^Vhile high from an ecolo^cal vien 
point, such a conTCrsion rate does not favor economical mass rearing 


culture in heated WAlDt 




More inlcnsis-c culture of pb.ee and sole, in arrificialls heated ^ter. 
'hcaan in 1966 ar a nudear power plant at Hunterston. Scotland ^fale 
^Sea water at Hunterston ranges in temperature from to 16 4 C 



warm 

ponds tor rearing P'“‘“ ,“y c E Nash) 

"® Hunienton nuclear power plant, Scotland (Courtesy 

At such low 

r^'^nnuner and gets as cold ns 3 “C sole. n« 

^^Pttatutes. growth oE most fish, including pin 23 C 

inj'l '’“"dr plant effluent temperature ng imained su 

S "'“Ing it with sea water, temperatures can 

plaice and sole will grow throughout th y than fo 

l,J''t“tiginal installation at Hunterston consist g_ hatcliery 

tanks, each 144 m X 7.2 m X 1.2 m hatched, and 

itstwi” and plaice and sole are no P Growth 

‘t itented water. The results have „orphosed withm 

'tfia ' ?,**“8es was accelerated and g^s as is cefift^'*. “ pres- 

Ion p" '’Etching rather than taking ® “ , j,5 svas e<iually > P ^ 

, hatches Orowih of iuveniles and adulu „ t„c!.ed 


Orem"'' Itntchery. Growth o£ juveniles " 325 ,o flOO/m- rca^ 

, 'f lntes 4 and 5). Sole stocked as 3.5.cm fi* “”3 3 c„. in H "-“f 
I'm, ’C"gtu of 15.3 cm and a marketable leng 

*'-di s' ^“"'tlt w.is adiieved by plaice. Minim y 3 to 4 .y p 

^orf^r " 20 em. which sire d.ey that it h PO-”’' 

Prod,, "ttperiments at Hunterston ,i,crnml 

tlij “tc “hured fish of this sire in 2 y naifishes m 

""dies thus tar carried out on culture 
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PxAT* 4. Ten-^t«k-old pUice (PtfuronecUt platessa) wh!ch ha>e completed tneU- 
morphosis ii Kuntenton tution. Note variety of pigmentation coter. (Courtesy C. E. 
Nash.) 


effluent have by no means provided the last ss'ord on the subject. TTte 
maximum tonperatures tolerated by plaice and sole are about 20 and 
23*'C, respectively; however, the optimum temperatures for culture o! 
these fish are not knots-n. By careful manipulation of the thermal regime, 
growth may eventually be further atxclcrated or thermal requirements 
may be altered by selective breeding and/or hybridization. 

'ITiere ss'as some concern about possible effects on flatfishes of the low 
concentrations of chlorine routinely introduced into power plant effluents 
to prevent fouling of pipes by sessile marine organisms. No ill effects have 
been observed, howev'cr, and, although the chemistry of chlorine in such 
situations is poorly understood, there are no indications that its use 
vs-oufd in any way endanger human consumers of cultured flatfish. It may 
even have a positive effect by suppressing the growth of disease-causing 
bacteria. To avert another potential health hazard, fish reared in nuclear 
plant effluent should constantly be monitored for radioactivity. 

CULTURE OF FLATFISH OUTSIDE THE UNITED KINGDOM 

The achiet'ements of the IVhile Fish Authority have drasvTi the attention 
of fish culturists outside the United Kingdom, but so far no one has been 
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1 rneh BiarketaW' sue at 20 months ol rearing in power station 
?UTE 6. Dover sole C e. Nash.) 

»arm water discharge (Courtesy L 


British effort. As mentioned, Norwegian culturists 
oved to emulate t te ^ gj the river flounder (Pleuronectcs 

intinue to breed p j,gj,(.5ritrating on improvement of hatchery tech- 
esus), but they are ^ commercially valuable flatfishes, including 
iques. In Japan, a nu the starry flounder {Plalichthys 

he mud dab (Liman „i, Limanda schrenki, and Xystreiirys 

tellatus), Lepidap^ai a .^By spawned and hatched, but there are no 
•ngorjeitii, have been is to be applied to commercial culture, 

indications that this a u intensive culture of flatfish will 

Perhaps the next country ,j„d. altliough it has no indigenous 

. rsonmark That country , ,ti,. Yearling and two-year-old plaice, 

be Deunta^„_,. lor their gro'f y ^t 


^nenmnrk That country * Y^grling iwo-year-ohl phiice. 

' Th e Uy suited for their I j^.„t.„td at 

’ , Tr^m the North Sea, base ^,B.port 

arveste perh“P* ‘ ^„son do not spawn in '''' 

Me fishery- Since plaice for som^^^ ^^air. At the time the locking 
izable necessity an .,i,,,ndantly supplied, perhaps even 

ird, stocking 1 pjorth Sea was case, thus it may become 


x^tocking h of „os 
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Plate 4 Ten week-old plaice (Pleuronecte* ^lafeiia) which have completed meta 
morphosis ai Humenton sui on Note v-aneiy of p gmentat on co\ct (Courtesy C E 
Nash) 


effluent have by no means provided the last word on the subject The 
maximum temperatures tolerated by plaice and sole are about 20 and 
23°C respectively however the optimum temperatures for culture of 
these fish are not known By careful manipulation of the thermal regime 
growth may eventually be further accelerated or thermal requirements 
may be altered by selective breeding and/or hybndization 
There was some concern about possible effects on flatfishes of the losv 
concentrations of chlorine routinely introduced into power plant effluents 
to prevent fouling of pipes by sessile manne organisms No ill effects have 
been observed however and although the chemistry of chlorine in sue!; 
situations is poorly understood there are no indications that its use 
would m any way endanger human consumers of cultured flatfish It ma) 
even have a positive efiecl by suppressing the growth of disease causing 
bacteria To avert another potential health hazard fish reared in nuclear 
plant effluent should constantly be monitored for radioactivity 

CULTURE Of FLATFISH OUTSIDE THE UNITED KINGDOM 

The achievements of the %Vhite Fish Authority have drawn the attention 
of fish cullunsts outside the United Kingdom but so far no one has been 
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. . ,, eftorl. AS mentioned No™egto“Uuri;« 
loved to emulate the „eU as the hatchery teeh- 

otitinue to breed P'“|“oncenimunB flatHshes, 

Jtu). but they are still commerciaHj n^under (Platichthys 

ques. In Japan, a nu ^ofto/iamoe). schrenki. and Xystreury^ 

,e mud dab mrring»«-\ f^d "nd r.tdmd.'but there are no 


otcy*“"- - ^ y flounder . 

,okoh«mae). ^ rJ.renfti, and Xyileenos 

e mud dah ; coring'"'''’ ^ and hatched, but there arc no 

dlatur), ^tificially applied to commercial culture, 

igorjean, have be ,devenien‘ « intensive culture o£ ilatBsh wi 

idications that this jalte wp it has no indigenoi 

Perhaps the next “mry’s L'l"'!™ Yearling and two-year old P aice, 
le Denmarh. That , f(,r theit P”' stocked in the 't 

ilaice, is ideally stntei^“„ "’'s ,ar b-Vt - 1910. and now sup^_rt 

tarvesicd from the pcrhap* reason do not spawn m tli 

le" the iPf ^•rptafee for --'ra„air. At thc'limc the smcking 

a sitable fishery- necessity an m njanti, t"l’l’'-r‘l-,l>"''“P^^ 

Ijord. stocking n "^ntth Sea J as the otsc. thus.it may become 

rfed'ss>^ P’"^"Jns.rt‘ct her own plane hatcheries. 

Overpopulate to «> 

necessary i^r ^ 
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PROSPECTUS 

Further developments are to be expected jn the UrutccI Kingdom h 
has already been mentioned that much remains to be learned about lh< 
thermal requirements of flatfish The same applies to stocking densitie 
and feeding 

It IS apparent that plaice and sole arc quite tolerant of crov.ding No' 
only has good growth been adiiesed at initial densities of up to 90( 
fry/m= at the Hunterston sution, but these fish base remained com 
pletely free of disease It is likely that ocn better growth can be achies'cc 
at lower densities This is probably not inconsistent with economic con 
siderations if Shelbournes estimate is correct He calculates that if eacl 
flatfish were allotted 1 ft- (0 09 m^) ot bottom, an amount equal to ilv 
entire British fishery catch could be produced annually in ponds coscrinj 
326 ha 

Important as thermal regimes and slocking densities are, it is probabl 
feeding whidi is most cruaal to the success of flatfish culture Deselop 
raent of relauscly inexpensive, high protein prepared foods m pclle 
form has been part of the key to success in culture of other carnnorou 
fislies and should be pursued in the case of flatfishes 

Other possibilities for improvement of flatfish culture include intrc 
duction of new species, hybridization, selective breeding polyculiurc 
and new developments in marketing and engineering The last two vvil 
of necessity involve cooperation with personnel oilier than biologists am 
professional fish cuUunsts The success of ilie White Fish Authoniy & 
far already constitutes an outstanding example of profitable collaboratioi 
between biologists and engineers 

With respect to marketing, the situation with flatfishes in the Unite 
Kingdom is somewhat different from that m some other fish culture ir 
rrhere the cvRunsi ts ta clfccci compecrcron with commeraa 
fishermen The mandate of the White Fish Authonty is to aid in mair 
taming a steady supply of flatfish for the Bniish consumer, they seel 
to supplement the fishery, not compete with it 

Nevertheless, in the course of experimental culture of plaice, on 
development has occurred which could eventually provide cultunsts wnd 
an economic advantage over fishermen Many cultured plaice show pig 
meni abnormalities in the form of white patches The cause of th 
discoloration is not known but it is thought that handling of youn; 
fry results in the loss of patches of skin and that thereafter the fish canno 
properly Jay dowm melanin in the damaged areas SucIl fry are of cours 
at a disadvantage in a natural environment due to their high visibihi 



